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URBAN       RAIL       IN  AMERICA 

An  exploration  of  criteria  for  fixed  guideway  transit. 


Fixed  guideway  transit  is  not  a  universal  solution 
nor  should  it  be  applied  in  all  urban  areas.  Fixed 
guideway  is  a  potential  strategy,  as  is  the  bus,  the 
ferry  boat,  the  car  pool  or  the  van  pool.    In  many 
possible  applications,  fixed  guideway  is  a  superior 
strategy.    But  whatever  strategy  is  finally  selected, 
each  should  be  evaluated  not  in  the  narrow  context 
of  transportation  alone,  nor  solely  in  the  framework 
of  accounting.    It  should  be  measured  in  the  broader 
context  of  its  contribution  to  the  overall  long-term 
aspirations  of  the  urban  society  it  is  supposed  to 
serve. 


Louis  J.  Gambaccini,  1978. 
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PREFACE 

The  changing  function  of  American  cities,  changes  in  our 
environment  and  advances  in  technology  present  a  constant  challenge  to 
local  decision  makers  to  plan  for  the  most  appropriate  means  of  meeting 
future  mobility  needs.    This  requires  a  cost  conscious  approach,  which 
would  offer  attractive  service,  an  efficient  use  of  land,  labor  and 
capital,  less  pollution  and  less  oil  dependence.    Under  certain  con- 
ditions rail  systems  may  be  cost  effective  and  can  offer  many  of  these 
advantages,  and  provide  a  high  quality  of  service. 

Helping  to  define  such  conditions  is  the  purpose  of  this 
research  effort.    It  offers  an  extensive  data  base  and  a  systematic 
methodology  to  test  the  suitability  of  proposed  rail  facilities,  aid  in 
the  evaluation  of  alternatives,  and  promote  greater  efficiency  of  existing 
operations.    It  is  in  this  spirit,  to  advance  the  state-of-the-art  in 
evaluating  rail  systems,  that  the  Urban  Mass  Transportation  Administration 
(UMTA)  sponsored  this  research. 

The  findings  of  the  report  do  not  represent  the  views  or  the 
policy  of  the  U.S.  Department  of  Transportation.    The  study's  assessment 
of  particular  urban  corridors  is  heavily  conditioned  by  the  assumptions 
used;  it  should  be  viewed  as  illustrative  of  the  methodology  and  not  as 
a  justification  for  or  against  local  decisions,  which  can  only  rest  on 
site-specific  studies. 
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FOREWORD 

Policy  toward  rail  transit  is  inseparable  from  policy  toward 
cities.    Large  downtowns  can  attract  the  ridership  needed  to  make 
effective  use  of  fixed  guideway  investment.    There  is  less  reason  to 
invest  in  rail  if  there  is  no  effort  to  encourage  the  development  of 
downtowns  and  of  compact  residential  patterns  around  them.    A  consensus 
on  making  such  an  effort  has  been  difficult  to  achieve,  and  the  contro- 
versies are  reflected  in  conflicting  attitudes  toward  urban  rail. 

Nevertheless,  widely  shared  objectives  --  improving  the  per- 
formance of  the  national  economy,  whose  command  posts  remain  in  the 
downtowns  to  a  large  degree,  providing  jobs  for  the  urban  unemployed, 
furthering  equality  of  opportunity,  conserving  energy  and  other  physical 
resources,  preserving  natural  areas  and  agricultural  land  --  would  be 
advanced  by  channeling  more  development  into  central  cities.  Rail 
transit  can  support  such  shifts  in  development. 

U.S.  Urban  Mass  Transportation  Administration  (UMTA)  policy 
toward  rail  transit  has  made  three  essential  points:    (1)  rail  transit 
is  cost-effective  in  heavily  travelled  corridors;  (2)  the  number  of  such 
corridors  is  limited;  (3)  site-specific  alternatives  analysis  is  needed 
to  determine  whether  and  what  type  of  investment  is  appropriate.  Respond 
ing  to  these  points,  this  book  does  three  things: 

1.  It  explores  what  range  of  volume  may  in  fact  define  a  corridor 
travelled  heavily  enough  to  make  a  fixed  guideway  cost-effective. 

2.  It  offers  the  first  rough,  national  assessment  of  the  number 
and  location  of  corridors  where  different  types  of  rail  transit  look 
promising,  and  where  site-specific  alternatives  analysis  would  most 
profitably  be  focused. 

3.  It  provides  a  uniform  data  base  and  a  consistent  set  of 
analytical  tools  to  facilitate  such  site-specific  studies. 

The  book  is  not  a  replacement  for  these  studies.    It  does  not 
choose  among  the  types  of  guideways  investigated  or  among  other  possible 
options.    It  cannot  deal  with  precise  construction  costs  at  the  local 
level.    It  says:    here  is  where  fixed  guideways  can  make  sense,  saving 
time,  labor,  energy  and  land  compared  to  present  modes  of  travel,  if 
several  conditions  are  met.    The  conditions  themselves  are  of  interest 
as  a  guide  to  designing  new  systems  and  improving  existing  ones. 
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Travel  volume  in  urban  corridors  is  obviously  not  the  only 
yardstick  to  judge  new  guideway  projects.    A  region  also  must  consider 
the  value  of  improving  public  transit  service,  environmental  impact,  labor 
relations,  fiscal  arrangements,  potential  for  traffic  growth,  whether 
land  use  controls  fit  the  transportation  plans,  whether  community 
attitudes  are  supportive,  and  the  ability  of  local  institutions  to  carry 
out  plans.    Still,  the  starting  point  is  whether  the  project  is  in  scale 
with  local  travel  needs.    That  is  the  issue  in  this  book. 

The  estimates  of  local  travel  rely  on  an  aggregate  approach 
that  is  appropriate  for  a  national  study.    The  purpose  is  not  to  model 
how  individual  travellers  make  their  decisions  but  rather  how  such 
decisions  tend  to  be  distributed  in  space,  given  a  physical  context  of 
land  use  and  travel  facilities.    By  applying  the  same  yardstick  to  all 
cities,  the  estimates  enable  consistent  comparisons  among  cities. 

Because  of  time  and  data  limitations,  the  book  does  not  explore 
the  potential  for  commuter  rail,  a  mode  that  is  important  near  the 
largest  cities.    Express  buses  are  referred  to  for  comparison,  but  no 
measure  of  their  potential  is  made.    In  less  detail,  that  subject  is 
treated  in  the  authors'  earlier  work,  Public  Transportation  and  Land 
Use  Policy  (Indiana  University  Press,  1977). 

The  book  closes  major  data  gaps  related  to  the  performance  of 
public  transit  and  provides  historical  statistics  not  previously  available. 
It  also  points  to  serious  remaining  data  gaps,  such  as  the  lack  of  a 
national  inventory  of  urban  land  and  building  use  and  the  weakness  of 
existing  estimates  of  indirect  energy  consumption  by  all  modes  of  travel. 

Beyond  the  local  transportation  analyst  "on  the  firing  line," 
this  book  should  interest  a  broader  audience  of  students  in  public 
affairs,  urban  geography  and  transportation  engineering.    A  previous 
text  with  a  similar  title,  A.  Schaeffer  Lang  and  Richard  M.  Soberman, 
Urban  Rail  Transit  (MIT  Press,  1964),  appeared  more  than  a  decade  and  a 
half  ago,  preceding  rather  dramatic  changes  in  the  field. 


John  P.  Keith 

Regional  Plan  Association 
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DEFINITIONS 

Public  transportation  using  vehicles  on  fixed  guideways  (as 
opposed  to  free-wheeled  vehicles)  takes  several  forms.    One  is  commuter 
or  suburban  rail,  a  service  between  a  major  downtown  and  outlying  parts 
of  an  urban  region,  which  is  connected  with  intercity  rail  operations; 
it  is  treated  only  peripherally  in  this  book.    The  emphasis  is  on  rail 
rapid  transit,  light  rail,  and  automated  peoplemovers .  Terrain-specialized 
systems  (aerial  tramways,  inclined  planes)  are  not  treated. 

Rail  rapid  transit,  sometimes  known  as  "heavy  rail,"  is  a 
system  that  moves  passengers  in  large  groups  on  trains  over  an  exclusive 
right-of-way  that  may  be  in  a  subway,  elevated,  or  grade-separated  near 
the  ground  level  but  is  usually  separate  from  intercity  railroads.  It 
has  high-level  station  platforms  and  may  employ  different  degrees  of 
automation. 

Light  rail  moves  passengers  in  intermediate-size  groups  on 
short  trains  or  in  single  cars  over  a  variety  of  rights  of  way:  grade- 
separated,  reserved  (as  in  a  street  median),  or  shared  with  street 
traffic.    The  latter  operation  is  traditionally  known  as  streetcar  or 
tramway,  while  one  with  predominantly  reserved  but  not  necessarily 
grade-separated  right-of-way  denotes  "light  rail"  proper.    Platforms  are 
usually  low-level,  and  operation  is  manual. 

Automated  peoplemovers,  also  known  as  automated  guideway  or 
light  guideway  transit  (AGT),  move  passengers  in  small  groups  aboard 
small  vehicles  operating  singly  or  in  short  trains  over  a  fully  grade - 
separated  right-of-way  in  a  fully  automatic  mode,  with  no  attendants  on 
board.    Station  platforms  are  high-level  and  the  stations  may  be  arranged 
so  as  to  allow  nonstop  service  on  demand.    In  current  practice,  the 
r  ^sterns  are  typically  short  (often  in  a  shuttle  or  loop  configuration), 
and  the  vehicles  tend  to  be  rubber-tired,  though  other  designs  are 
possible.    Used  in  a  downtown  setting,  the  systems  are  referred  to  as 
downtown  peoplemovers  (DPM). 

The  term  rail  transit  usually  refers  to  the  three  rail  modes, 
while  urban  rail  refers  to  rapid  transit  and  light  rail  alone.    The  term 
public  transit  includes  both  fixed  guideways  and  buses. 
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SUMMARY 

The  Present  Role  of  Rail  Transit 

As  traditional  streetcars  have  all  but  left  the  urban  scene, 
rapid  transit  and  grade-separated  light  rail  mileage  world-wide  doubled 
between  1960  and  1980.    Over  two-fifths  of  the  new  construction  was  in 
newly  urbanizing  parts  of  the  world,  but  an  equal  share  was  in  mature 
urban  areas  with  high  automobile  use  in  Europe  and  Canada.    Nations  with 
84  percent  of  the  world's  automobiles  today  have  74  percent  of  the 
world's  rapid  transit  mileage.    The  United  States  has  lagged  behind 
other  industrial  nations  in  urban  rail  construction,  and  New  York  is  the 
only  one  of  the  world's  55  rapid  transit  cities  whose  system  shrank  over 
the  period. 

This  is  not  for  any  paucity  in  patronage.    Per  capita,  pas- 
senger-miles traveled  by  rapid  transit  in  the  United  States  are  above 
the  average  of  European  nations.    Per  mile  of  line,  traffic  density  on 
rapid  transit  in  the  United  States  is  also  above  European  levels,  though 
obviously  below  Latin  America,  Asia  and  the  Soviet  Union.    Travel  by 
rapid  transit,  light  rail  and  commuter  rail  combined  in  the  United 
States  nearly  equals  travel  by  urban  buses  if  measured  in  passenger- 
miles. 

In  the  early  1970s  in  the  United  States,  virtually  all  rail 
transit  was  in  six  urban  regions  totaling  40  million  residents  --  New 
York,  Chicago,  Philadelphia,  San  Francisco,  Boston  and  Cleveland. 
There,  the  three  rail  modes  carried  8  percent  of  all  travel  on  an  annual 
basis,  but  22  percent  during  the  peak  hour  on  a  weekday,  equalling  the 
share  carried  by  freeways. 

The  six  "old"  regions  with  rail  are  travel -conserving  environ- 
ments:   their  auto  travel  per  resident  is  20  to  30  percent  lower  than  in 
other  large  urban  areas.    Less  than  a  third  of  this  difference  is  due  to 
a  direct  replacement  of  auto  travel  with  rail  travel.    The  remainder  is 
travel  foregone  --  made  unnecessary  by  a  compact  arrangement  of  land 
uses  and  discouraged  by  lower  auto  ownership  near  rail  stations,  by 
greater  costs  and  lesser  convenience  of  owning  and  operating  an  automobile 
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in  high  density  areas.  Bus  travel  per  resident  in  the  "old"  rail  regions 
is  the  same  as  in  other  large  urban  areas. 

In  the  first  half  of  the  1970s,  major  downtowns  in  the  six 
"old"  regions  with  rail  added,  on  the  average,  somewhat  more  office 
floorspace  per  capita  of  regional  population  than  downtowns  without 
rail,  while  Washington  and  Atlanta  --  with  rail  systems  then  under  con- 
struction --  added  nearly  twice  as  much.    Accelerated  downtown  develop- 
ment in  these  two  cities  was  both  a  reason  for  and  a  consequence  of 
their  rail  transit  plans. 

Why  Build  New  Systems? 

The  immediate  purpose  of  a  new  urban  rail  or  other  fixed 
guideway  line  is  to  improve  the  movement  of  people  in  a  tightly  settled 
area,  to  do  so  in  an  environmentally  and  aesthetically  attractive  manner, 
and  to  provide  capacity  for  future  growth.    A  less  direct  but  no  less 
important  reason  is  to  enhance  the  magnetism  of  the  city's  downtown. 

Rerouting  the  mainstream  of  American  life  back  through  the 
central  cities  helps  make  one  society,  offering  a  place  where  black  and 
white,  rich  and  poor,  young  and  old  can  mix  at  least  in  the  daytime 
activity  environment.    Encouraging  jobs  to  locate  downtown  makes  them 
more  accessible  to  the  urban  unemployed;  it  allows  non-routine  white- 
collar  activities  to  function  in  an  environment  where  they  are  most 
productive,  where  spontaneous,  face-to-face  relations  can  most  easily 
flourish.    Putting  new  development  into  higher  density  areas  reduces  the 
need  for  travel  and  saves  physical  resources  --  primarily  energy,  but 
also  water,  farmland,  natural  open  space.    Energy  savings  result  from 
less  travel  overall  and  more  use  of  public  transportation,  from  a  shift 
in  other  consumer  spending  away  from  durable  goods  toward  services,  from 
use  of  larger  buildings  with  fewer  exposed  surfaces,  and  from  greater 
feasibility  of  co-generation,  district  heating,  cooling  and  waste  recycl- 
ing in  high-density  areas.    Total  waste  emissions  into  the  environment 
are  reduced,  even  if  local  concentrations  have  to  be  more  carefully 
controlled.    In  the  long  run,  fiscal  savings  accrue  to  government  as  a 
result  of  lower  costs  for  social  services  in  formerly  blighted  areas, 
reuse  of  existing  facilities  and  reduced  need  for  new  infrastructure 
el sewhere . 
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Fixed  Guideways  and  Land  Use 

Attainment  of  these  objectives  depends  on  whether  the  concen- 
tration of  land  use  actually  occurs.    That  is  subject  to  three  major 
conditions. 

First,  a  guideway  must  significantly  improve  the  ease  of 
existing  travel.    It  is  the  travel -related  benefits  that  cause  the  more 
accessible  sites  to  be  more  desirable  and  ultimately  translate  into 
higher  land  values.    When  most  sites  were  accessible  mostly  on  foot, 
those  few  that  could  be  reached  by  urban  rail  were  strikingly  more 
desirable  and  buildings  naturally  clustered  there.    After  the  automobile 
had  made  a  great  many  sites  about  equally  accessible,  the  incentive  for 
clustering  was  diminished.    New  rail  lines,  such  as  Boston's  South 
Shore,  Philadelphia's  Lindenwold  and  Washington's  Metro  all  have  been 
shown  to  influence  land  values  and  result  in  some  reallocation  of  devel- 
opment, but  their  presence  is  only  one  among  many,  often  more  potent, 
forces  in  the  market  for  land.    Dramatic  change  --  as  in  Toronto  -- 
required  the  help  of  land  use  control. 

The  second  condition,  therefore,  is  a  set  of  zoning  regula- 
tions and  community  attitudes  favorable  to  compact  development.  "Joint 
development"  tools  can  further  encourage  clustering  buildings  near 
stations.    Taxation  and  land  use  controls  can  discourage  development  at 
dispersed  locations,  where  its  city-building  potential  is  dissipated. 
All  of  these  are  easier  in  a  growing  urban  area  than  in  a  stagnant  one, 
where  there  is  little  new  development  to  go  around.    Thus,  the  growth 
prospects  of  an  urban  area  are  a  third  major  condition. 

A  fixed  guideway  can  do  little  to  change  the  growth  prospects 
of  an  urban  area;  it  can  do  more  as  a  catalyst  for  land  use  controls  and 
urban  design  improvements;  it  can  do  most  by  providing  the  travel - 
related  benefits  from  which  the  other  benefits  are  derived. 

Defining  Fixed  Guideway  Criteria 

Because  a  major  part  of  che  costs  of  a  fixed  guideway  is 

fixed,  at  low  travel  volume  its  cost  per  unit  of  service  tends  to  be 

high,  measured  in  passenger  waiting  time,  labor,  energy,  land  or  capital. 
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As  travel  volume  rises,  all  of  these  costs  decline  --  and  savings  or 
benefits  increase  --  up  to  a  point  when  crowding  makes  further  increases 
in  travel  volume  unacceptable.    To  establish  criteria  indicating  at  what 
volume  of  travel  a  fixed  guideway  may  be  justified,  six  questions  are 
asked: 

1.  What  is  the  maximum  volume  at  which  it  can  offer  adequate 
space  per  passenger? 

2.  What  is  the  minimum  volume  at  which  it  can  offer  adequate 
service  frequency? 

3.  What  is  the  minimum  volume  at  which  it  can  attain  labor  sav- 
ings compared  to  bus  operations? 

4.  What  is  the  minimum  volume  at  which  it  can  attain  energy  sav- 
ings compared  to  modes  previously  used? 

5.  What  is  the  minimum  volume  at  which  it  can  attain  savings  in 
land  compared  to  modes  previously  used? 

6.  What  is  the  volume  at  which  its  construction  cost  becomes 
commensurate  with  recent  investment  decisions? 

Travel -related  benefits  of  fixed  guideways  are  also  strongly 
related  to  operating  speed.    To  what  degree  the  speed  attainable  on  a 
fixed  guideway  (limited  by  distances  between  stops)  can  exceed  the  pre- 
vailing travel  speed  in  an  urban  corridor  is  an  important  additional 
criterion  for  any  site-specific  study.    At  the  national  level,  time 
savings  can  only  be  treated  in  general  "if-then"  terms. 

Answers  to  all  the  questions  on  travel  volume  depend  on  what 
space  per  passenger  in  transit  vehicles  is  assumed.    For  a  fair  com- 
parison, the  space  provided  by  buses,  rail  cars,  or  automated  people- 
movers  must  be  brought  to  a  common  denominator.    A  minimum  adequate 
space  in  the  peak  hour  is  taken  to  be  5.4  square  feet  or  0.5  square 
meters  of  gross  vehicle  floorspace  per  passenger,  whether  sitting  or 
standing;  this  unit  of  capacity  is  called  a  passenger  place.  Bus-miles 
and  car-miles  operated  are  converted  into  place-miles.    On  existing 
urban  rail  systems  in  the  U.S.,  between  13  and  35  percent  of  the  places 
provided  are  actually  occupied  by  passengers  on  an  annual  basis,  averaging 
23.3  percent.    This  is  the  same  as  a  six-passenger  automobile  carrying 
1 .4  persons . 
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1.  Maximum  Passenger-Carrying  Capacity 

At  the  standard  of  5.4  square  feet  per  passenger,  and  at  a 
frequency  of  30  trains  an  hour,  existing  rapid  transit  systems  in  the 
U.S.  and  Canada  have  a  maximum  capacity  of  between  20,000  and  34,000 
passenger  places  per  track  per  direction  in  the  peak  hour,  and  antici- 
pated light  rail  operations,  up  to  16,000.    These  values  are  lower  than 
those  usually  referred  to  in  the  literature  because  they  do  not  assume 
crowded  passenger  conditions  as  a  norm. 

Trains  on  more  than  half  the  65  rail  tracks  entering  downtowns 
in  the  U.S.  and  Canada  do  in  fact  provide  5.4  square  feet  (0.5m2)  or 
more  per  passenger  during  the  peak  hour.    Still,  21  tracks  --  half  of 
them  in  New  York  City  --  fail  to  meet  this  standard  as  a  matter  of  oper- 
ating policy:    they  could  provide  more  space  by  running  more  trains. 
Only  six  tracks  cannot  meet  the  standard  even  if  maximum  service  were 
provided;  five  are  in  New  York  City  and  one  in  Montreal.    Building  new 
rail  lines  in  the  U.S.  to  relieve  overcrowding  is  only  relevant  in  New 
York.    The  highest  volumes  in  other  cities  are  no  more  than  one-third  of 
maximum  capacity. 

2.  Minimum  Service  Frequency 

To  avoid  excessive  waiting  time,  no  rapid  transit  or  light 
rail  operation  in  the  U.S.  and  Canada  schedules,  as  a  rule,  an  interval 
between  trains  greater  than  7.5  minutes  (eight  trains  per  hour)  at  down- 
town entry  points  during  the  peak  hour.    Taking  this  as  a  reasonable 
minimum  service  frequency  and  given  practicable  train  lengths,  the  mini- 
mum volume  per  peak  hour  per  direction  becomes  about  3,400  passenger 
places  to  support  rapid  transit  and  about  1,000  places  to  support  light 
rail.    These  minimum  volumes  are  equivalent  to  about  56  and  16  standard 
buses  per  direction  per  hour  respectively.    Such  a  level  of  peak-hour 
use  at  the  downtown  entry  point  translates  to  an  average  weekday  bi- 
directional volume  of  about  15,000  passenger-miles  per  mile  of  the 
entire  line  on  rapid  transit,  and  on  light  rail  and  automated  people- 
movers  to  about  4,000  daily  passenger-miles  per  mile  of  line.    These  are 
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the  lowest  levels  of  existing  service  in  the  U.S.,  called  the  threshold 
of  existing  service  in  the  discussion  below. 

3.      Labor  Savings 

Labor  represents  some  80  percent  of  the  cost  of  operating 
public  transportation  and  increasing  labor  output  is  the  key  to  reducing 
this  cost.    A  comparison  of  56  transit  properties  in  the  United  States 
and  Canada  shows  the  following  averages  of  labor  output  in  passenger- 
miles  per  worker  per  year: 

85,000  on  five  automated  peoplemovers ; 

150,000  on  two  peoplemovers  with  high  passenger  occupancies; 

150,000  on  buses  with  mostly  local  service; 

160,000  on  light  rail  and  streetcars; 

260,000  on  rapid  transit  overall;  and 

310,000  on  six  new  rapid  transit  systems. 

These  averages  of  output  per  worker  are  influenced  by  the  pas- 
senger occupancy  of  the  vehicles,  operating  speed,  volume  of 
service,  service  frequency  and  by  the  manning  of  stations  and  trains.  A 
labor  requirements  model  is  developed  which  responds  to  each  of  these 
factors  and  assumes  that  the  overmanning  typical  of  some  older  systems 
is  avoided. 

The  model  shows  that  to  attain  lower  labor  costs  per  place- 
mile  than  typical  urban  buses  (with  their  average  12  mph  or  19  km/h 
operating  speed),  very  low  volumes  of  service  on  fixed  guideways  are 
sufficient.    On  rapid  transit  and  light  rail,  they  are  below  the  thresh- 
old of  existing  service.    On  automated  peoplemovers,  they  are  somewhat 
above. 

To  attain  lower  labor  costs  than  express  buses  operating  at  a 
speed  equal  to  rapid  transit  or  light  rail  (20-25  mph  or  32-40  km/h), 
volumes  on  rapid  transit  must  be  one-and-one-thi rd  to  twice  as  high  as 
the  threshold  of  existing  service,  depending  on  service  frequency,  and 
those  on  light  rail,  twice  as  high  even  with  low  service  frequency; 
fully  attended  stations  can  only  be  provided  at  about  three  times  the 
threshold  of  existing  service. 
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Exactly  at  what  volume  in  this  range  the  labor  cost  of  rail 
falls  below  that  of  express  buses  if  their  speed  is  equal  depends  on  the 
balance  between  the  labor  needed  to  operate  vehicles  and  the  labor 
needed  to  maintain  the  right-of-way;  these  vary  from  system  to  system. 
More  important  than  the  exact  difference  in  average  costs  is  the  dif- 
ference in  marginal  labor  requirements  to  provide  more  service  when 
traffic  growth  is  anticipated.    If  the  labor  cost  of  a  given  amount  of 
service  in  the  range  indicated  is  set  equal  to  1,  then  that  of  providing 
double  the  service  by  articulated  express  buses  on  busway  is  1.9;  by 
light  rail,  1.7;  by  automated  peoplemover,  1.6;  and  by  rapid  transit, 
1.5  to  1.4. 

4.     Energy  Savings 

In  comparing  the  energy  use  of  electric  vehicles  with  those 
propelled  by  liquid  fuels,  energy  losses  at  electric  power  plants  and 
those  in  the  refining  and  delivery  of  petroleum  products  must  be  ac- 
counted for.    Compared  that  way  in  gross  fuel  use  terms,  rail  cars  and 
buses  (including  trolleybuses)  have  similar  energy  requirements  for 
vehicle  operation  per  passenger  place.    Buses  need  somewhat  more  energy 
at  slow  intra-city  speeds  and  less  at  high  freeway  speeds  than  rail 
cars.    Both  are  three  times  more  efficient  than  the  1972-76  automobile 
in  urban  use,  at  12  miles  per  gallon. 

The  difference  in  energy  use  between  the  auto  and  public 
transit  will  shrink  in  the  years  ahead  but  will  not  be  eliminated,  as 
synthetic  fuels  --  requiring  a  great  deal  of  energy  to  produce  --  are 
substituted  for  petroleum.    Meanwhile,  the  energy  cost  of  electricity 
will  fall  as  co-generation  reduces  thermal  loss  at  power  plants.  This 
will  favor  electric  fixed  guideway  vehicles  and  trolleybuses  over  autos 
and  conventional  buses.    It  will  not  be  enough  to  make  the  electric 
automobile  --  with  its  battery-related  energy  losses  --  competitive  in 
energy  consumption  with  vehicles  that  rely  on  a  continuous  electric 
supply. 

Apart  from  vehicle  operation,  energy  is  required  for  rail 
vehicle  maintenance,  manufacture,  station  and  right-of-way  maintenance 
and  guideway  construction.    The  latter  two  are  fixed  costs:    as  service 
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volume  increases,  their  magnitude  per  unit  of  service  declines.  Construc- 
tion energy  does  not  affect  the  energy  cost  of  existing  systems,  and 
even  on  new  systems  it  is  not  clear  whether  it  is  a  net  drain  of  energy 
or  not.    Money  spent  for  rail  transit  construction  typically  results  in 
less  energy  use  than  the  same  amount  spent  for  consumer  goods  and  serv- 
ices which  would  be  a  likely  alternative  expenditure. 

Determining  at  what  point  a  fixed  guideway  will  actually  save 
energy  requires  knowing  "compared  to  what?"    Two  assumptions  are  made 
about  the  modes  previously  used,  one  reflecting  a  typical  mix  of  former 
auto  and  bus  use  on  the  line-haul  trip  alone,  the  other  including  a 
sharp  increase  of  bus  use  to  the  rail  line.    The  ci rcui tousness  of 
"before"  and  "after"  trips  appears  to  be  similar,  but  depends  in  each 
circumstance  on  the  street  layout  and  the  location  of  the  rail  line.  No 
across-the-board  adjustment  can  be  made  for  it.    Such  an  adjustment  is 
necessary,  however,  for  auto  travel  foregone  due  to  reduced  auto  owner- 
ship near  rail  stations.    At  medium  to  high  service  volumes,  one-third 
or  more  of  the  energy  cost  of  rail  transit  can  be  free  --  paid  for  by 
savings  from  reduced  auto  ownership. 

To  save  energy  compared  to  modes  previously  used,  amortizing 
construction  over  22  to  45  years,  an  above-ground  rapid  transit  line  can 
have  a  travel  volume  below  the  threshold  of  existing  service;  if  in 
tunnel,  the  needed  travel  rises  to  about  double  that  threshold. 

A  light  rail  line  above  ground  can  begin  to  save  energy  with  a 
travel  volume  roughly  twice  the  threshold  of  existing  service  above 
ground  and  roughly  seven  times  that  in  a  tunnel. 

A  peoplemover  of  currently  prevalent  rubber-tired  design  in  a 
downtown  application  can  begin  to  save  energy  at  volumes  10  to  20  times 
above  the  threshold  of  existing  service.    The  poor  energy-saving  pros- 
pects of  peoplemovers  in  downtowns  are  due  to  the  previous  mode  of  their 
users  (assumed  to  be  one-third  pedestrians),  the  lack  of  any  reduction 
in  auto  ownership  (which  occurs  in  residential  areas)  and  high  fixed 
energy  costs  of  wayside  maintenance  and  construction  even  in  the  absence 
of  snowrnelting,  which  alone  can  exceed  the  energy  cost  of  vehicle  opera- 
tion. 
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In  sum,  it  makes  sense  to  build  rail  as  a  medium-term  (22  to 
45-year)  conservation  measure  for  the  full  range  of  travel  volumes 
currently  encountered  on  rapid  transit  and  for  all  but  the  lowest  light 
rail  volumes,  provided  that  tunnels  are  not  used  for  light  volumes,  that 
station  and  wayside  energy  consumption  is  kept  in  scale  with  that  of  the 
simpler  existing  systems,  and  that  passenger  occupancy  is  maintained  not 
far  below  23.3  percent  of  places  provided  annually.    This  does  not 
consider  prospective  change:    regenerative  braking  that  will  save  energy 
and  station  air-cooling  that  will  cost  energy  to  improve  trip  quality. 

5.     Land  Savings 

To  use  the  space  taken  up  by  a  traffic  lane  on  approaches  to  a 
downtown  more  efficiently  than  a  freeway  with  some  bus  service,  a  rapid 
transit  line  requires  a  travel  volume  that  is  just  below  the  threshold 
of  existing  service.    For  a  light  rail  line  to  use  space  more  efficiently 
than  an  arterial  street  lane,  travel  volume  must  be  roughly  at  its  thresh 
hold  of  existing  service. 

In  addition,  fixed  guideways  economize  on  land  for  downtown 
parking,  which  is  reflected  in  dollars  of  parking  costs  saved. 

When  necessary,  fixed  guideways  can  avoid  the  use  of  land  at 
the  surface  altogether  by  going  underground  at  lower  cost  than  freeways 
or  busways,  which  require  more  ventilation  and  more  room  underground. 
Tunneling  in  lieu  of  elevated  construction  pays  for  itself  in  direct 
land  value  only  at  prime  downtown  sites  --  about  $5.6  million  an  acre 
($13.8  million  a  hectare)  in  1977  prices.    But  other  countries  seem  to 
feel  that  indirect  community  benefits  justify  much  more  extensive  tunneli 
If  worldwide  averages  were  taken  as  a  norm,  travel  volumes  in  the  light 
rail  range  in  the  United  States  would  warrant  placing  from  10  to  35 
percent  of  the  guideway  in  tunnel.    Travel  volumes  in  the  rapid  transit 
range  would  warrant  placing  from  35  to  70  percent  of  the  guideway  in 
tunnel.    With  three  exceptions  (the  major  one  being  Washington)  all 
urban  rail  systems  in  the  United  States,  most  notably  Chicago,  have  far 
less  mileage  in  tunnels. 
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6.     Construction  Costs  in  Scale  with  the  Travel  Volume 

Half  of  a  sample  of  20  recent  fixed  guideway  construction 
projects  involved  a  capital  investment  of  up  to  $1,250  per  weekday  pas- 
senger-mile in  1977  prices;  three-quarters  an  investment  of  up  to 
$1,800.    San  Francisco's  BART  and  Washington's  WMATA  were  near  the 
median.    Atlanta's  rapid  transit  Phase  I,  the  Archer  Avenue  subway  in 
Queens,  New  York,  and  the  Airtrans  peoplemover  at  the  Dallas  -  Ft.  Worth 
Airport  were  near  the  75th  percentile. 

The  investment  per  weekday  passenger-mile  gives  an  indication 
of  the  value  which  public  decision  makers  have  implicitly  placed  on 
providing  service  by  fixed  guideways.    At  the  conception  of  most  of  the 
20  projects  reviewed,  federal  funding  was  more  limited  than  it  later 
became,  so  that  a  major  local  commitment  was  usually  involved. 

Prorated  over  an  amortization  period  of  45  to  75  years,  which 
reflects  the  type  of  construction  (tunnel  structures  have  a  virtually 
indefinite  lifetime  while  tracks  and  signals  have  to  be  replaced  about 
every  35  years),  the  median  investment  costs  15<£  to  22<£  per  passenger 
mile  and  the  75th  percentile  investment  22£  to  31<t,  depending  on  both 
the  amortization  period  and  on  whether  a  3  percent  or  4  percent  interest 
or  discount  rate  is  used. 

Interest  rates  of  3  to  4  percent  are  current  rates  adjusted 
for  the  fact  that  lenders  expect  to  be  repaid  in  cheaper  dollars.  The 
interest  rate  must  be  expressed  in  constant  dollars,  net  of  inflation, 
if  the  savings  that  will  result  from  the  investment  are  expressed  in 
constant  dollars. 

Past  political  decisions  notwithstanding  --  are  the  savings  in 
land,  energy,  labor  and  passenger  time  that  fixed  guideways  provide 
commensurate  with  capital  expenditures  in  the  15c  to  31  <t  per  passenger- 
mile  range? 

The  money  values  that  one  can  place  even  on  these  four  "hard" 
savings  are  somewhat  arbitrary.    Making  conservative  assumptions  one 
can  show  that  at  the  threshold  volume  of  existing  rapid  transit  service, 
an  expenditure  of  15<£  per  passenger-mile  can  be  paid  for  about  35  per- 
cent from  savings  in  time  (reflecting  trade-offs  passengers  now  make 
between  travel  time  and  travel  cost),  35  percent  from  savings  in  labor, 
25  percent  from  savings  in  parking  charges  as  a  proxy  for  land  savings 
and  5  percent  from  savings  in  energy. 
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Making  more  liberal  assumptions  about  the  full  economic  value 
of  energy  conservation  and  about  the  proportion  of  auto  travel  diverted 
to  a  rail  line,  and  assuming  a  travel  volume  at  twice  the  threshold  of 
existing  service,  a  capital,  expenditure  of  roughly  22<t  per  passenger- 
mile  would  be  paid  for  45  percent  from  reduced  parking  charges,  30 
percent  from  reduced  energy  use,  with  the  remaining  25  percent  equally 
split  between  savings  in  labor  and  savings  in  time. 

The  important  point  is  that  between  5  and  30  percent  of  the 
investment  in  a  rail  transit  line  can  be  recouped  by  direct  savings  in 
energy;  between  12  and  35  percent  by  savings  in  labor;  and  between  25 
and  45  percent  by  savings  in  parking  charges  as  a  proxy  for  land  savings, 
with  the  remainder  attributable  to  time  savings.    Long-term  concerns 
with  resources,  land  use  and  urban  form  are  not  traded  in  the  market- 
place.   The  decisions  about  the  worth  of  these  long-term  benefits  must 
be  essentially  political. 

Travel  Volume  Thresholds 

Volume  thresholds  for  each  of  the  fixed  guideway  modes  can  be 
formulated  based  on  the  foregoing,  as  follows: 

For  rapid  transit  above  ground,  the  minimum  existing  service 
threshold  and  the  level  at  which  the  "median"  capital  investment  is 
justified  by  past  expenditure  decisions  are  identical,  at  about  15,000 
weekday  passenger-miles  per  line-mile.    At  that  level,  land  will  also  be 
saved,  labor  will  be  saved  compared  to  local  buses,  and  there  will  be 
modest  savings  in  energy. 

If  one-third  of  the  rapid  transit  line  is  in  tunnel,  the  mini- 
mum travel  volume  rises  to  24,000  weekday  passenger-miles  per  line-mile 
to  justify  the  capital  investment.    Energy  savings  will  also  be  attained, 
as  will  labor  savings  compared  to  buses  operating  at  the  same  speed.  Of 
course,  at  that  volume,  rapid  transit  above  ground  will  save  substan- 
tially more  energy. 

If  a  rapid  transit  line  is  fully  in  a  tunnel,  and  assuming  the 
75th  percentile  capital  investment  level  to  reflect  the  community 
benefits  of  underground  construction,  the  minimum  volume  becomes  29,000 
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weekday  passenger-miles  per  mile  of  line.    That  volume  is  on  the  verge 
of  attaining  energy  savings  in  a  tunnel  (more  difficult  than  above 
ground  because  of  fixed  lighting,  ventilating  and  pumping  costs)  but 
will  easily  save  labor  compared  to  buses  at  the  same  speed. 

For  a  very  low-capital  light  rail  line  at  grade  but  with 
limited  grade  crossings,  the  minimum  service  threshold  and  that  of 
capital  investment  are  identical,  4,000  weekday  passenger-miles  per 
line-mile.    With  that  volume,  minor  labor  savings  compared  to  local 
buses  can  be  realized,  but  there  are  no  energy  savings,  and  peak  period 
use  of  land  is  just  about  as  efficient  as  that  of  an  arterial  street. 

For  a  more  adequate  light  rail  line  with  considerable  grade 
separation,  the  capital  investment  criterion  requires  about  7,000 
weekday  passenger-miles  per  line-mile.    With  that  volume,  labor  savings 
compared  to  buses  at  the  same  speed  begin  to  be  attained,  land  during 
the  peak  hour  is  used  more  efficiently  than  by  a  local  arterial,  and 
energy  savings  begin  to  be  attained. 

A  light  rail  line  with  1/5  in  tunnel  requires  a  volume  of 
13,500  weekday  passenger-miles  per  mile  of  line,  insuring  that  peak 
period  use  of  land  is  more  efficient  than  that  of  a  freeway  lane,  as 
well  as  savings  in  labor  and  energy. 

For  peoplemovers  used  in  a  downtown  environment,  the  various 
criteria  are  more  tenuous. 

A  low-capital  peoplemover  guideway  with  a  single  beam  of  a 
type  still  under  development,  carrying  about  5,000  weekday  passenger- 
miles  per  mile  of  line,  allows  a  construction  cost  of  roughly  $6  million 
a  mile  in  1977  prices  using  the  "median"  investment  level.    It  can  begin 
to  attain  labor  savings  compared  to  downtown  buses  operating  at  a  low 
speed;  it  can  begin  to  use  land  more  effectively  than  a  local  arterial, 
but  it  will  not  attain  any  energy  savings  in  a  downtown  setting. 

A  heavier  peoplemover  guideway  of  the  currently  prevalent 
rubber-tired  technology,  with  about  12,000  to  20,000  weekday  passenger- 
miles  per  mile  of  line,  allows  a  construction  expenditure  near  the 
"median"  level,  attains  labor  savings  compared  to  the  bus  at  the  same 
speed,  uses  land  more  efficiently  than  a  local  arterial  during  the  peak 
hour.    However,  it  will  begin  to  offer  energy  savings  only  at  volumes  in 


XX 


excess  of  46,000  weekday  passenger-miles  per  line-mile,  and  then  only  if 
no  snow  melting  is  required.    If  the  guideway  is  in  a  tunnel,  it  can 
begin  to  provide  energy-savings  at  about  five  times  that  volume;  still 
higher  volumes  would  be  needed  to  attain  energy  savings  above  ground 
with  snowmelting. 

Potential  Travel  Volumes 

The  travel  volume  thresholds  at  which  fixed  guideways  can 
begin  to  attain  a  variety  of  savings  become  meaningful  only  if  one  shows 
where  such  travel  volumes  can  in  fact  be  found. 

Generally,  70  to  85  percent  of  all  rail  rapid  transit  trips  in 
the  United  States  occur  between  a  residential  corridor  and  a  downtown. 
The  remainder  are  through  trips,  trips  stopping  short  of  a  downtown,  or 
trips  within  the  downtown.    Trips  to  and  from  a  downtown  are  therefore 
key  to  rail  transit  feasibility,  and  the  procedures  developed  in  this 
study  focus  on  estimating  the  number  and  length  of  such  trips. 

Trips  by  all  modes  to  and  from  a  downtown  are  firmly  related 
to  the  nonresidential  floorspace  in  it.    For  example,  each  10  million 
square  feet  (0.93  million  m^)  of  nonresidential  floorspace  on  the  average 
attracts  40,000  trips  a  day.    If  one-third  of  them  chose  to  go  by  rail, 
that  would  be  enough  to  support  two  light  rail  lines. 

Whether  or  not  two  light  rail  lines  could  actually  collect 
this  number  of  passengers  depends  on  how  population  is  distributed 
around  the  downtown.    If  topography  or  other  constraints  have  channeled 
half  the  population  into  one  corridor  one  of  these  two  lines  would  in 
fact  become  feasible.    Ordinarily,  the  population  is  less  concentrated 
by  corridor,  and  a  downtown  of  10  million  square  feet  would  not  find 
enough  riders  in  any  one  of  them  to  support  a  rail  line.    At  least 
20  million  square  feet  --  the  size  of  Edmonton  --  is  usually  needed. 

The  population  distribution  by  distance  from  a  downtown  only 
affects  the  length  of  trips.    Downtown  size  and  population  distribution 
by  corridor  principally  determine  the  number  of  downtown-oriented  trips 
on  a  rail  line. 

Models  to  estimate  per  capita  trip  rates  to  a  downtown,  the 
choice  of  mode  and  the  extent  of  the  tributary  area  of  a  rail  line  are 
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but  auxiliary  steps  to  link  two  basic  facts  of  urban  geography  --  down- 
town size  and  population  by  corridor  --  to  the  threshold  volumes  that 
can  support  a  rail  line. 

The  major  message  of  the  model  estimating  downtown  trips  per 
capita  is  that  they  fall  off  steeply  with  distance:    5  miles  away  they 
drop  to  1/3  of  what  they  are  1  mile  away,  and  50  miles  away  they  drop  to 
1/1 00th  of  what  they  are  5  miles  away. 

The  major  message  of  the  mode  choice  models  is  that  residential 
density  at  the  origin,  the  size  of  the  nonresidential  concentration  at 
the  destination,  and  the  presence  of  rail  service  between  them  primarily 
determine  the  proportion  of  public  transit  users.    They  do  so  in  the 
first  instance  by  reducing  auto  ownership;  but  the  mode  choice  of  house- 
holds which  still  own  autos  is  again  influenced  by  downtown  size  and  the 
quality  of  rail  and  bus  service. 

The  major  message  of  the  station  access  model  is  that  median 
(not  average)  station  access  distances  tend  to  be  quite  short  --  gener- 
ally in  the  range  of  0.5  to  2  miles.    Yet  even  a  small  expansion  of  that 
distance  --  such  as  by  feeder  buses  --  can,  by  expanding  the  extent  of 
the  tributary  area,  have  a  large  impact  on  rail  patronage. 

For  estimating  downtown  peoplemover  (DPM)  patronage,  separate 
procedures  are  developed  comparing  gains  in  time,  convenience  and  money 
for  different  trips  within  and  to  the  downtown;  on  the  whole,  potential 
DPM  travel  becomes  primarily  a  function  of  downtown  floorspace,  and 
trips  to  and  from  the  downtown  overwhelm  the  strictly  internal  trips. 

Potential  Rail  Cities 

After  the  decisions  of  the  1970s  to  build  rapid  transit  in 
Atlanta,  Baltimore  and  Miami  but  to  opt  for  light  rail  in  Detroit  and 
Pittsburgh,  there  are  only  four  cities  left  in  the  United  States  which 
are  serious  candidates  for  rapid  transit.    These  are  Los  Angeles, 
Seattle,  Honolulu  and  Houston.    A  more  tentative  candidate  is  Dallas  - 
Ft.  Worth;  the  potential  of  San  Juan  is  not  evaluated.    The  specter  of  a 
"bottomless  pit"  of  rapid  transit  construction  and  of  "little  BARTs" 
proliferating  all  over  the  country  is  clearly  a  false  one. 
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In  Los  Angeles,  the  Wil shire  line  with  two  westerly  extensions 
totalling  28  miles  (45  km)  is  shown  to  attract  passenger  volumes  similar 
to  those  on  the  Washington  Metro  and  to  exceed  the  threshold  for  a  line 
fully  in  tunnel.    Additional  lines  of  roughly  40  miles  (64  km)  would 
carry  much  lighter  loads  and  would  have  to  be  mostly  above  ground. 

In  Seattle,  lines  one-third  in  tunnel  appear  reasonable  for  a 
distance  of  some  9  miles  from  the  CBD,  for  a  system  similar  in  scale  to 
the  plans  of  the  early  1960s. 

In  Honolulu,  two  5-mile  lines  just  about  meet  the  threshold 
for  a  route  one-third  in  tunnel;  the  threshold  for  a  line  fully  above 
ground  would  be  met  for  twice  the  distance. 

In  Houston,  the  threshold  for  a  route  one-third  in  tunnel  is 
exceeded  if  increased  area-wide  transit  orientation  and  reduced  auto 
speeds  are  assumed.    Up  to  four  corridors  of  more  than  10  miles  each 
would  meet  the  criteria  in  this  case. 

In  Dallas  under  the  same  conditions,  the  threshold  of  rapid 
transit  one-third  in  tunnel  is  barely  reached  in  no  more  than  two 
corridors. 

The  criteria  can  be  compared  to  recent  decisions  in  a  number 
of  cities.  In  Washington,  the  full  101 -mile  system  under  construction 
appears  to  conform  to  the  criteria,  though  a  somewhat  shorter  system 
would  attain  higher  passenger  use  per  mile  of  line.  Atlanta  and  Balti- 
more, while  generally  conforming  to  the  criteria,  are  flagged  as  high- 
capital-cost  systems,  while  Miami's  low-cost  above-ground  construction 
is  in  scale  with  the  criteria. 

Candidates  for  light  rail  are  more  numerous.    To  begin  with, 
they  include  Seattle,  Honolulu  and  Houston.    Each  could  support  light 
rail  lines  built  to  high  standards,  with  1/5  in  tunnel,  for  distances  of 
9  miles  and  more  from  downtown.    No  judgement  is  made  here  as  to  whether 
that  option  is  better  or  worse  than  full-scale  rapid  transit. 

Additional  candidates  for  high-standard  light  rail  lines  with 
1/5  in  tunnel  are  Dallas  -  Ft.  Worth,  St.  Louis  and  Mi Iwaukee .  They 
rank  in  travel  volume  with  the  two  cities  that  are  committed  to  light 
rail  plans  of  this  degree  of  capital  intensity,  namely,  Detroit  and 
Pi  ttsburgh. 
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Minneapol is,  Indianapolis,  Louisville,  Cincinnati  and  possibly 
Denver  exceed  the  threshold  volume  for  light  rail  lines  with  considerable 
grade  separation  but  no  tunnels.    They  rank  in  travel  volume  with  San 
Diego  and  Portland,  which  are  committed  to  this  level  of  capital-intensity, 
as  well  as  Buffalo,  which  is  building  a  far  more  capital  intensive 
system. 

Kansas  City  and  Col umbus  have  estimated  travel  volumes  that  do 
not  quite  reach  the  middle  threshold  for  considerable  grade  separation, 
but  comfortably  exceed  the  low  one.    Their  potential  travel  is  above  New 
Orleans  with  a  historic  line  in  operation. 

By  contrast,  Phoenix,  Dayton,  San  Antonio,  Providence  and 
Tampa  -  St.  Petersburg  have  estimated  travel  volumes  below  the  lowest 
light  rail  threshold;  even  doubling  them  would  seem  to  provide  little 
justification  for  light  rail.    Thus,  the  decision  to  forego  a  high- 
capital  system  in  Denver  is  supported  by  the  analysis,  as  is  the  decision 
not  to  proceed  with  light  rail  in  Dayton.    Still,  Denver  is  found  to  be 
a  possible  candidate  for  low-capital  light  rail  transit,  and  a  more 
substantial  light  rail  system  is  found  to  be  possible  in  St.  Louis,  even 
though  a  local  alternatives  analysis  decided  against  it  for  the  near 
future. 

Altogether  then,  an  analysis  of  the  29  largest  urban  areas  in  the 
United  States  (excluding  the  six  "old"  rail  cities)  found  four  candidates 
for  rapid  transit  and  ten  candidates  for  light  rail.    This  is  in  addition 
to  the  four  cities  that  made  rapid  transit  commitments  and  the  five  that 
made  light  rail  commitments  in  the  1970s.    Several  additional  candidates 
for  light  rail  can  probably  be  found  in  the  next  tier  of  20  or  so  urban 
areas,  ranking  in  population  below  the  29  studied  here.    These  include 
San  Jose,  Sacramento  and  Rochester  which  have  made  light  rail  plans. 
Their  prospects  --  not  evaluated  here  --  depend  on  their  downtown  floor- 
space,  on  population  by  corridor,  and  the  suitability  of  existing  rights- 
of-way. 

Downtown  peoplemovers  of  current  rubber-tired  design,  requiring 
heavy  guideways,  are  limited  to  the  largest  downtowns  --  with  more  than 
40  to  70  million  square  feet  of  nonresidential  floorspace  --  if  they 
carry  internal  trips  only.    They  will  be  in  scale  with  past  fixed  guideway 
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investments  per  passenger-mile,  will  save  some  labor  and  land,  but  will 
not,  as  a  rule,  save  any  energy  directly. 

If  their  market  is  expanded  to  intercept  regional  trips  by 
auto  and  transit,  they  can  capture  sufficient  volume  to  be  in  scale  with 
past  fixed  guideway  investments  (and  attain  other  savings,  except  energy) 
in  downtowns  of  much  smaller  size  --  between  20  and  30  million  square 
feet,  depending  on  assumptions. 

Lastly,  if  the  cost  (and  bulk)  of  automated  guideways  were 
brought  down  sharply  by  use  of  lightweight,  single-beam  designs,  the 
market  for  peoplemovers  would  expand  to  cover  a  large  number  of  down- 
towns that  have  between  10  and  20  million  square  feet  of  nonresidential 
floorspace.    At  the  volumes  attainable  in  such  downtowns,  automated 
systems  can  produce  labor  savings  compared  to  buses  if  the  line  is 
comparatively  long,  suggesting  some  line-haul  functions  and  not  just 
internal  circulator  functions  for  this  technology.    With  single-beam 
designs  that  do  not  require  snowmelting,  require  less  energy  for  con- 
struction and  wayside  facilities,  and  with  service  to  residential 
corridors  (where  more  auto  trips,  rather  than  pedestrian  trips  would  be 
diverted),  peoplemovers  would  begin  to  save  energy,  just  like  other 
fixed  guideways.    The  search  for  energy  and  cost-efficient  automated 
systems  at  this  point  seems  more  important  than  defining  precisely  the 
locations  where  the  current  generation  of  hardware  may  be  appropriate. 

Summarizing  the  potential  for  new  rapid  transit  and  light 
rail  in  the  United  States,  a  possible  program  of  new  "starter  lines" 
turns  out  to  be  quite  modest.    With  4  rapid  transit  and  10  light  rail 
corridors  totalling  some  50  and  90  miles  of  line  (80  and  145  km)  respec- 
tively, its  cost  in  1977  dollars  would  be  about  $2.9  billion,  or  $2.6 
billion  if  light  rail  were  substituted  for  rapid  transit  in  Seattle, 
Honolulu  and  Houston. 

Proceeding  from  "starter  lines"  to  full  networks,  one  can 
discern  a  total  of  some  14  corridors  and  180  miles  (290  km)  of  line  in 
the  four  future  rapid  transit  cities  and,  more  conjecturally  about  250 
miles  (400  km)  of  light  rail  in  the  10  cities,  costing  about  $5.1  billion 
and  $3.0  billion  in  1977  dollars,  respectively;  the  biggest  single  item 
would  be  the  system  in  Los  Angeles,  where  some  70  miles  of  line  conform 
to  the  criteria  advanced  here. 
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In  terms  of  the  number  of  corridors,  investment  and  ridership, 
benefits  from  possible  new  rapid  transit  lines  in  existing  rapid  transit 
cities  exceed  those  in  the  four  "future"  cities.    In  New  York,  Chicago, 
Philadelphia,  Boston,  San  Francisco  and  Cleveland,  16  corridors  can  be 
discerned  where  new  lines  would  meet  the  criteria;  their  aggregate 
length  is  about  127  miles  (204  km)  and  their  cost  some  $6.7  billion  in 
1977  dollars. 

In  Washington,  Atlanta,  Baltimore  and  Miami,  approximately  10 
corridors  can  be  discerned  that  conform  to  the  criteria  and  are  not 
fully  under  construction;  this  would  add  about  55  miles  (88  km)  to  the 
lines  being  built  as  of  1980,  at  a  cost  of  some  $1.5  billion  in  1977 
dollars.    Light  rail  requirements  in  cities  with  existing  or  committed 
light  rail  systems  are  less  clear  but  may  total  some  75  miles  and  $0.9 
billion  in  1977  dollars. 

Altogether,  potential  additional  rapid  transit  mileage  in  the 
United  States  conforming  to  the  criteria  presented  here  might  total 
about  350  miles  (563  km)  in  40  corridors,  which  represents  about  a  50 
percent  expansion  of  the  extant  647-mile  (1,041  km)  rapid  transit  system. 

More  conjecturally ,  potential  additional  light  rail  mileage 
conforming  to  the  criteria  might  total  about  320  miles  (515  km),  which 
represents  more  than  a  doubling  of  the  extant  215  mile  (356  km)  light 
rail  and  streetcar  system. 

Both  items  represent  a  task  of  finite  magnitude  that  would 
take  about  25  years  to  accomplish  at  the  current  pace.    Its  cost  of 
$17.2  billion  in  1977  prices  (about  $22  billion  at  1980  prices  --  not  bid 
prices  in  1980,  which  cover  several  years  of  construction)  is  split  about 
equally  between  the  "future"  rail  cities  and  those  with  systems  in 
existence  or  under  construction.    This  refers  strictly  to  new  lines  and 
excludes  elevated  removal,  station  reconstruction,  and  line  rehabilita- 
tion on  existing  systems  to  bring  them  up  to  the  quality  of  the  new 
lines,  especially  in  Chicago,  New  York  and  Philadelphia. 

National  Policy  Implications 

Past  answers  to  the  question,  "what  cities  in  the  United 
States  warrant  new  rail  transit  lines?"  have  ranged  from  "none"  to 
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"most."    This  book  arrives  at  a  middle  position:    the  criteria  used 
indicate  that  the  10  cities  with  rapid  transit  extant  or  under  con- 
struction could  only  be  joined  by  4  more  cities,  but  that  the  7  cities 
which  only  have  light  rail  extant  or  committed  could  be  joined  by  at 
least  10  more,  for  a  total  of  about  30  urban  areas  with  some  form  of 
rail . 

There  has  been  concern  that,  in  contrast  to  the  Interstate 
Highway  program,  the  nation's  urban  rail  construction  program  is  open- 
ended,  with  no  defined  goal  or  schedule.    This  study  sketches  an  outline 
of  a  finite  national  program:    roughly  a  50  percent  expansion  of  the 
rapid  transit  system  and  a  150  percent  expansion  of  the  light  rail 
system,  which  would  require  some  $22  billion  at  1980  costs. 

The  question  has  also  been  raised  --  what  will  we  get  for  the 
money?    This  study  shows  that  an  expenditure  of  this  magnitude,  care- 
fully related  to  prospective  travel  volumes  can  be  covered  by  "hard" 
savings  in  land,  energy,  labor  and  passenger  travel  time.    Contrary  to 
some  estimates,  up  to  one-third  of  the  capital  construction  expenditure 
can  be  considered  an  energy  conservation  expenditure.    Indirect  savings 
pertaining  to  the  investment  in  a  more  resource-conserving  urban  pat- 
tern --  are  extra. 

With  respect  to  downtown  peoplemovers ,  the  findings  point  to 
the  need  for  light,  single-beam  systems  that  would  be  less  costly  to 
build,  obstruct  less  view,  and  not  require  any  snow  melting.  When 
developed,  such  systems  could  have  wide  potential  use,  not  limited  to 
downtown  circulation. 

Without  dealing  with  bus  issues  directly,  the  study  suggests 
that  express  buses  --  particularly  of  the  large,  articulated  variety  -- 
are  more  of  a  competition  for  light  rail  than  for  rapid  transit.  The 
similarity  of  their  present  average  operating  costs  over  a  range 
of  volumes,  however,  should  not  obscure  the  fixed  guideways'  future 
advantage  in  terms  of  marginal  costs  to  carry  more  riders,  and  in  terms 
of  electric  propulsion.    The  latter  can  also  lead  to  a  widespread  resur- 
gence of  trolleybuses. 

Geographically,  all  the  potential  new  rapid  transit  systems 
are  in  the  West  and  Southwest;  the  potential  light  rail  lines  are  mostly 
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in  the  Midwest,  and  the  extensions  to  existing  systems  are  mostly  in  the 
Northeast.    Urban  rail  emerges  as  a  program  with  a  national  constituency. 

Finally,  if  quality  is  to  reach  world  standards  on  new  lines, 
older  existing  systems  require  investment  that  may  equal  the  new  lines 
in  scale,  particularly  to  rebuild  underground  stations  and  to  replace 
elevated  lines  with  tunnels. 
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CHAPTER  I.  EXTENT  AND  USE  OF  RAIL  TRANSIT 
1.    The  First  Wave  of  Urban  Rail. 

Development  of  the  large,  contemporary  city  is  closely  tied  to 
rail  transport.    After  1830,  the  intercity  railroad  freed  major  cities 
from  dependence  on  access  by  water  and,  by  expanding  their  hinterland, 
enabled  them  to  grow  to  10  times  their  former  size  in  a  century  or  less. 
As  cities  outgrew  the  limits  of  walking  distance  that  have  confined  them 
from  antiquity,  rail  technology  was  called  upon  to  help  move  people 
within  cities  as  well . 

Urban  public  transportation  was  initially  provided  by  adapting 
the  stagecoach  to  local  service.    A  larger  vehicle,  the  horse-drawn 
omnibus,  was  introduced  in  Paris  in  1829  and  in  New  York  in  1831.  It 
proliferated  rapidly,  but  crowding  and  street  congestion  compounded  the 
discomforts  of  a  slow  and  bumpy  ride  on  rough  or  nonexistent  street 
pavements . 

Putting  a  horse-drawn  vehicle  on  rails  offered  a  smoother 
ride,  greater  speed,  and  more  output  from  a  team  of  horses,  who  could 
then  pull  a  still  larger  vehicle.    These  advantages  cut  the  cost  of 
transporting  a  passenger  in  half,  inaugurating  the  nickel  fare  which 
survived  in  some  American  cities  for  nearly  a  century.    The  world's 
first  horse-drawn  urban  street  railway  began  operating  on  Fourth  Avenue 
in  New  York  in  1832,  but  such  tracked  horsecars  did  not  begin  to  dis- 
place omnibuses  on  a  large  scale  until  1855,  when  installation  of  sunken, 
rather  than  raised  tracks  solved  the  problem  of  interference  with  free- 
wheeled street  traffic.    From  then  on,  horsecar  lines  expanded  rapidly 
abroad  as  well  as  in  the  United  States,  where  the  extent  of  trackage 
reached  6,200  miles  (9,900km)1  by  1890,  as  shown  in  Exhibit  1.1. 

A  great  improvement  over  the  omnibus,  the  horsecar  was  still 
hampered  by  street  congestion,  especially  severe  in  the  largest  cities. 
In  Manhattan,  the  5-mile  (8km)  trip  from  the  Battery  to  Central  Park 
took  well  over  an  hour  in  the  1860s.    A  grade-separated  or  rapid  transit 
system  was  needed  to  avoid  congestion  by  travel  under  or  above  the 
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streets.    Such  a  system  could  more  effectively  employ  mechanical  rather 
than  animal  traction  to  further  increase  speed,  and  also  to  raise  capacity 
by  operating  vehicles  in  trains. 

The  first  rapid  transit  line  began  operating  underground  in 
London  in  1863  with  steam  locomotives,  but  a  similar  plan  for  New  York 
in  1865  did  not  find  political  acceptance.    The  implementation  of  a  more 
attractive  underground  design  with  pneumatic  propulsion,  successfully 
tested  in  New  York  in  1870,  was  also  blocked.    Instead,  rapid  transit  in 
North  America  took  the  above-ground  route.    After  initial  tests  in  1867, 
the  first  elevated  rapid  transit  line  began  revenue  service  in  1870 
along  Greenwich  Street  and  Ninth  Avenue  in  lower  Manhattan.    The  pro- 
pulsion was  by  means  of  a  continuously  moving  cable,  but  after  a  year 
this  was  replaced  by  steam  locomotives.    In  the  following  decades,  a 
network  of  elevated  lines  was  built  in  New  York  which  reached  189  miles 
of  track  (302km)  by  1902  and  in  Chicago  which,  begun  in  1892,  reached 
109  miles  of  track  (174km)  by  1902. 

Most  smaller  American  cities  lacked  the  travel  volumes  needed 
to  support  the  cost  of  building  elevated  structures.    They  were  seeking 
ways  to  improve  the  street  railways,  especially  after  animal  traction 
proved  vulnerable  to  the  Great  Epizootic  of  1872,  which  killed  horses  by 
the  tens  of  thousands.    Steam  locomotives  in  street  service  were  unwieldy 
and  frightened  animals.    An  interim  solution  was  propulsion  by  cable 
from  stationary  steam  engines.    Abandoned  on  the  New  York  elevated,  this 
system  was  perfected  in  San  Francisco,  where  steep  hills  made  horse 
traction  particularly  difficult.    Cable  car  service  there  began  in  1873 
and  was  an  instant  success,  as  cars  negotiated  20  percent  grades  without 
slowing  their  unheard-of  9.5  mile  per  hour  (15.2km/hr.)  pace.  Even- 
tually, San  Francisco  built  112  miles  (179km)  of  cable  car  track,  and  by 
1890  there  were  376  additional  miles  (600km)  in  other  American  cities, 
notably  New  York,  Chicago  and  St.  Louis. 

In  the  late  1890s,  both  horsecars  and  cable  cars  were  rapidly 
displaced  by  the  electric  streetcar  or  tramway.    Horsecars  ceased 
operating  by  1923.    The  last  surviving  cable  cars  ended  service  in 
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Seattle  in  the  1930s  and  would  have  ended  service  in  San  Francisco  two 
decades  later,  were  it  not  for  the  municipal  ordinance  of  1955  which 
assured  "in  perpetuity"  operation  of  the  last  10.5  miles  (17km)  of 
track.    Electric  propulsion  was  far  superior  to  its  antecedents  in  cost, 
performance  and  amenity.    It  was  experimented  with  for  half  a  century, 
but  its  practical  application  had  to  await  commercial  electric  power  and 
reliable  means  to  collect  that  power  in  motion. 

Much  of  the  development  work  was  done  in  Germany,  where  revenue 
service  on  the  Lichterfelde  line  near  Berlin  began  in  1881.  Experimental 
lines  in  several  North  American  cities  followed  in  1884-87.    The  one  in 
Richmond,  Va.,  installed  in  1888,  is  widely  credited  with  having  perfected 
the  technology  for  reliable  commercial  service.    It  triggered  the  phenom- 
enal expansion  for  electric  streetcar  lines  throughout  North  America  and 
the  world.    Including  interurban  lines,  streetcars  in  the  United  States 
had  44,000  miles  (70,000km)  of  track  at  their  peak  in  1917.    With  an 
average  of  1.36  tracks  per  mile  of  line,  the  length  of  their  right-of- 
way  was  three-quarters  that  of  today's  Interstate  freeways. 

Electric  traction  also  had  a  decisive  influence  on  rapid 
transit.    In  1897,  a  six-car  multiple-unit  electric  train  began  operating 
on  the  South  Side  Elevated  in  Chicago,  and  in  1898-1903  the  New  York 
elevateds  were  electrified.    Objections  to  underground  transit  because 
of  the  hazards  of  smoke  and  steam  became  moot,  and  subway  construction 
in  New  York  finally  began  in  1900.    By  that  time,  electric  subways  were 
already  operating  in  London,  Budapest,  Glasgow,  Boston,  and  Paris.  With 
electrification,  rapid  transit  track-miles  in  the  United  States  more 
than  quadrupled  between  1902  and  1937.    Over  nine-tenths  of  this  mileage 
was  in  New  York  and  Chicago;  Philadelphia  and  Boston  accounted  for  the 
remai  nder. 

The  effect  of  electric  railways  on  the  pattern  of  national 
urban  settlement  was  pervasive.     The  period  from  1880  to  1920  was 
important  in  the  formation  of  American  cities.    Population  in  cities 
over  10,000  people  grew  from  11  million  to  nearly  45  million,  or  almost 
one-half  of  the  national  total.    Urban  rail  ridership  increased  from  0.6 
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billion  to  15.5  billion  trips  annually.    The  development  pattern  of 
urban  cores  and  of  the  nearby  suburbs  was  shaped  during  that  period.  It 
was  a  pattern  of  moderately  high  densities  compactly  arranged  within 
walking  distance  of  the  streetcar  lines.    The  population  of  these  areas 
grew  and  then  declined  in  subsequent  years,  but  perhaps  one-quarter  of 
the  nation  still  resides  in  urban  and  suburban  cores  whose  spatial 
organization  was  shaped  by  the  streetcar.    Its  grid  covered  not  only  the 
old  eastern  cities,  but  the  young  western  cities  as  well.    Los  Angeles, 
as  an  example,  had  two  streetcar  systems  (a  standard-gauge  and  a  narrow- 
gauge  one)  which  at  their  peak  totalled  over  1,500  miles  (2,400km)  of 
track,  some  of  which  was  in  use  until  1963. 

The  nation's  streetcar  system,  which  took  less  than  30  years 
to  build,  was  torn  down  over  the  next  60  years.    Immediately  after  World 
War  I,  lightly  used  lines  began  to  be  cut  back,  though  ridership  in- 
creased until  1923.    Operating  costs  were  rising,  but  the  income  of 
streetcar  companies  was  controlled  by  franchise  agreements  which  often 
mandated  the  nickel  fare.    The  short-lived  appearance  of  jitneys  further 
hurt  electric  railway  revenues  just  as  they  were  needed  for  capital 
replacement  in  1910-20.    Jitneys  were  private  motor  cars  that  served 
passengers  for  a  fee.    Their  routes,  while  flexible,  generally  paral- 
leled streetcar  lines.    As  the  1920s  progressed,  rapidly  rising  auto 
ownership  began  to  reduce  demand  for  all  forms  of  public  transportation. 
Not  only  did  the  auto  deprive  the  streetcar  of  riders,  but  streetcar 
service  began  to  deteriorate  due  to  rising  auto  congestion.    Because  of 
conflicts  at  intersections,  this  was  even  true  of  systems  that  had 
private  rights-of-way.    While  rising  costs  of  replacing  and  maintaining 
trackage  had  to  be  covered  from  passenger  revenues,  dramatic  improve- 
ments to  street  pavement  for  free-wheeled  vehicles  were  made  from  public 
funds.    Between  1904  and  1940,  paved  mileage  in  the  United  States  in- 
creased from  9  to  47  percent  of  the  total  street  and  road  mileage. 

Under  these  conditions  the  motor  bus,  which  appeared  on  the 
American  scene  in  New  York  in  1907,  began  to  look  more  and  more  attrac- 
tive to  transit  operators.    It  was  easier  to  maneuver  in  heavy  auto 
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Source:  Table  H-1 
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traffic.    More  importantly,  it  had  to  make  only  a  nominal  contribution 
to  the  costs  of  right-of-way,  which  it  shared  with  a  multitude  of  other 
free-wheeled  vehicles  and  with  the  public  at  large.    "Motor  bus  routes 
involve  no  construction  costs  (sicl )  and  may  be  extended  or  contracted 
as  circumstances  dictate  with  little  or  no  sacrifice  of  financial  in- 
vestment.   Street  railway  track,  however,  requires  heavy  expenditure..." 

3 

the  American  Transit  Association  explained.      Under  the  strained  con- 
ditions of  the  1930s,  as  transit  ridership  was  falling,  streetcar  track 
was  rapidly  reduced.    Its  discontinuance  was  temporarily  halted  during 
World  War  II,  but  by  1946  only  one-third  of  the  1917  mileage  remained, 
owned  by  120  companies.    Most  of  that  was  gone  by  the  time  urban  freeway 
construction  began  on  a  nationwide  scale  in  the  mid-1950s.    Before  1950, 
over  half  of  the  nation's  few  freeways  were  confined  to  the  New  York 
urban  region,  and  were  not  directly  competing  with  intra-urban  rail. 

In  an  effort  to  preserve  the  advantages  of  electric  traction 
while  avoiding  the  capital  costs  of  replacing  track,  the  trackless 
trolley  or  trolleybus  was  in  relatively  wide  use  for  a  time.  Introduced 
in  continuous  service  in  1923  in  Philadelphia  and  in  1928  in  Salt  Lake 
City,  the  trolleybus  peaked  in  1952  at  3,700  miles  (5,980km)  of  dual 
overhead  wire  but  then  declined  in  step  with  the  streetcars,  as  Exhibit 
1.1  shows. 

Still,  the  streetcar  operators  did  not  give  up  without  a 
struggle.    In  a  bold  attempt  to  regain  passengers  by  superior  speed  and 
comfort,  the  Electric  Railway  Presidents'  Conference  Committee  (ERPCC) 
developed  an  advanced  streetcar  design  --  the  PCC  car  --  that  did  attract 
added  ridership  on  the  routes  where  it  was  used.    The  design,  manufac- 
tured in  the  United  States  in  1936-1952  and  still  unsurpassed  in  many 
respects,  was  widely  emulated  in  Eastern  Europe  and  other  parts  of  the 
world.4 

Also,  the  switch-over  from  electric  streetcars  to  buses  was 

not  all  pre-ordained.    High-pressure  tactics  to  accelerate  conversion, 

practiced  by  the  National  City  Lines  holding  company  have  been  widely 
5 

discussed,    as  has  been  the  reluctance  of  public  agencies  to  assume 
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those  right-of-way  costs  that  were  otherwise  in  the  public  domain.  None 
other  than  the  Automobile  Club  of  Southern  California  suggested  incor- 
porating streetcar  rights-of-way  in  freeways  in  the  1940s  but  the  State's 
Department  of  Public  Works  showed  little  interest.    Citizen  action  in 
favor  of  preserving  streetcar  lines  was  widespread,  but  such  action 
lacked  the  bite  it  acquired  in  later  years.    Though  civic  battles  in 
many  cities  --  Baltimore,  Camden,  Minneapolis,  Milwaukee,  or  Washington-- 
were  lost,  the  preservation  of  electric  street  railways  in  the  seven 
U.S.  cities  where  they  did  survive  (Boston,  Cleveland,  New  Orleans, 
Newark,  Philadelphia,  Pittsburgh  and  San  Francisco)  was  in  large  part 
due  to  community  action.    In  Canada,  only  Toronto  preserved  its  street- 
car lines.    Public  ownership  was,  in  most  cases,  the  necessary  institu- 
tional ingredient.    The  physical  characteristic  of  most  surviving  systems 
was  that  significant  portions  of  their  mileage  were  on  reserved  or  on 
fully  grade-separated  rights-of-way  (see  Table  H-3).    This  assured  speed 
and  reasonable  adherence  to  schedules.    Notably,  the  San  Francisco, 
Cleveland,  and  Newark  lines  did  not  lose  ridership  between  1955  and 
1969  --  a  situation  similar  to  rapid  transit,  which  lost  only  5  percent 
during  the  period  --  in  contrast  to  surface  lines  (both  streetcar  and 
bus),  where  ridership  dropped  40  percent  during  the  period. 

The  historic  pattern  of  public  transit  ridership  in  the  United 
States  --  both  rail  and  bus  --  is  shown  in  Exhibit  1.2.    The  pattern  is 
not  as  smooth  as  that  of  system  extent,  shown  earlier,  because  ridership 
responds  to  short-term  conditions,  powerfully  affected  by  both  the 
Depression  of  the  1930s  and  reduced  gasoline  availability  in  World  War 
II.    Only  by  the  mid-1950s  did  these  effects  wear  off.    Removing  the 
influence  of  such  traumatic  events,  one  can  see  a  long-term  trend  of 
seven  decades  of  transit  ridership  growth  until  1926-27,  then  a  45-year 
decline  until  1972,  with  renewed  growth  since  that  date. 

To  explain  this  pattern,  three  sources  of  transit  ridership 
should  be  identified.    The  first  is  growth  in  economic  activity  in 
compact  urban  environments,  inhospitable  to  the  automobile.    The  second 
is  improvement  of  transit  service.    The  third  is  restraints  on  the 
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Exhibit  1.2 

Total  Passenger  Trips  on  Urban  Transit  in  the  United  States  by  Mode,  1855-1979 


Source:  Table  H-2 
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competing  mode  --  the  automobile.    The  first  seven  decades  of  ridership 
growth  were  indeed  characterized  by  expansion  of  economic  activity  in 
compact  urban  environments.    Except  for  the  last  15  years  of  that  period, 
the  auto  was  not  competing.    The  45  years  of  decline  were  characterized 
by  a  nearly  three-fold  increase  in  auto  ownership  per  capita  and  a  sharp 
reduction  in  vehicle-miles  of  transit  service;  typically,  the  substitu- 
tion of  buses  for  streetcars  in  and  of  itself  meant  declining  service. 
When  rail  lines  were  discontinued,  buses  inherited  only  a  part  of  their 
ridership,  unless  the  service  was  seriously  dilapidated.    While  sup- 
pressed auto  use  in  1942-46  created  a  temporary  ridership  peak,  after 
the  war  the  growth  of  economic  activity  shifted  from  urban  to  auto- 
oriented  environments,  depriving  transit  of  new  patronage. 

The  post-1972  resurgence  in  ridership  is  more  complex.  It 
began  in  the  face  of  continuing  urban  dispersal  and  rising  auto  owner- 
ship.   Initially,  it  was  triggered  by  improved  bus  service.    With  in- 
fusion of  public  subsidy,  bus-miles  travelled  began  to  expand  for  the 
first  time  in  20  years,  and  fares  began  to  decline  (in  constant  dollars) 
for  the  first  time  in  25  years.    Yet,  even  as  bus  improvements  led  an 
increase  in  bus  patronage,  rapid  transit  patronage  declined.    Most  of 
this  decline  was  due  to  a  traumatic  drop  in  economic  activity  between 
1969  and  19-77  in  the  Central  Business  District  of  Manhattan,6  where  over 
55  percent  of  the  nation's  rapid  transit  trips  originate  or  terminate. 
Sharp  ridership  declines  were  registered  for  similar  reasons  in  Phila- 
delphia and  Cleveland,  while  those  in  Chicago  and  Boston,  with  healthier 
economies,  were  modest.    With  the  resurgence  of  Manhattan  after  1977 
national  rapid  transit  ridership  also  turned  upwards,  helped  by  new 
systems  in  Washington,  San  Francisco  and  Atlanta.    Finally,  the  gasoline 
shortages  of  1974  and  1979  and  rising  fuel  prices  in  their  wake  --  the 
first  restraints  on  auto  use  since  World  War  II  --  strongly  contributed 
to  the  upswing  of  both  bus  and  rapid  transit  use.    Because  buses  operate 
in  auto  territory  more  than  rapid  transit  systems  do,  their  response  to 
auto  restraints  is  naturally  more  volatile. 


Service  increases  in  excess  of  ridership  growth  --  such  as 
triggered  the  rise  in  bus  use  of  the  early  1970s  --  cannot  continue  in- 
definitely.   It  is  further  restraints  on  automobile  use  and  even  modest 
trends  toward  urban  reconcentration  that  promise  continued  growth  in 
public  transit  demand  in  the  future.    Obviously,  projecting  this  growth 
even  for  the  near  term  is  not  as  simple  as  projecting  the  growth  in  the 
extent  of  urban  rail  systems,  where  committed  construction  enables  one 
to  see  the  upswing  in  mileage  through  1985,  as  shown  in  Exhibit  1.1. 

Both  the  system  extent  and  the  ridership  graphs  display  pat- 
terns typical  of  the  logistic  growth  curve,  with  its  four  stages;  (1) 
conception  and  development,  (2)  take-off  and  rapid  growth,  (3)  maturity 
and  subsequent  decline,  and  (4)  tailing  out  or  the  "nostalgia"  stage. 
Yet,  the  curves  also  show  that  not  every  mode  of  transport  is  neces- 
sarily on  its  way  to  extinction  after  decline  has  set  in.    Some  do 
experience  a  "second  youth"  and  the  beginning  of  a  new  life.    Such  a 
second  life  may  be  the  result  of  qualitative  changes  within  the  system, 
or  of  external  circumstances  favorable  to  new  growth,  or  both  and  must 
be  distinguished  from  temporary  fluctuations. 

Exhibit  1.3  lists  the  beginning  dates  of  each  of  the  transport 
systems  discussed,  their  peak  dates,  which  were  followed  by  decline, 
and,  where  applicable,  the  bottoming  out  dates,  after  which  renewed 
growth  began. 

The  beginning  dates  are  somewhat  subjective  (exactly  which  of 
several  experiments  one  calls  "prototype  operation"  and  exactly  what  one 
considers  to  be  the  "beginning  of  reliable  service"),  but  the  two  points 
of  inflection  --  the  peak  and  the  trough  --  are  quite  firm,  whether  one 
deals  with  system  extent  or  with  ridership.    Exhibit  1.3  indicates  that 
of  the  urban  rail  --  or,  more  broadly,  urban  fixed  guideway  modes  dis- 
cussed --  only  the  horsecar  is  firmly  extinct,  and  the  cable  car  is 
semi-extinct,  confined  to  a  "living  museum"  since  1955.    Rapid  transit, 
the  oldest  of  the  active  modes,  and  declining  somewhat  for  a  time,  has 
displayed  significant  growth  in  system  extent  since  1954  and  appears  to 
have  bottomed  out  in  ridership  in  1977.    Besides,  its  ridership  decline 
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compared  to  the  peak  was  the  smallest  among  the  modes  considered  (the 
ninth  column  in  Exhibit  1.3). 

The  streetcar  may  almost  disappear  as  a  mode  operating  in 
mixed  traffic,  though  some  surface  street  mileage  has  been  recently 
rebuilt  in  San  Francisco,  Toronto,  Detroit  and  Philadelphia.  More 
importantly,  mileage  on  predominantly  reserved  or  fully  grade-separated 
right-of-way  --  representing  "Light  Rail"  in  the  narrow  sense  of  the 
term  --  is  committed  to  increase  in  the  1980s.    Trolleybus  mileage  has 
bottomed  out  as  Seattle,  one  of  the  five  remaining  U.S.  trolleybus 
cities,  nearly  doubled  the  extent  of  its  system  in  1980.    In  Canada, 
with  four  trolleybus  cities,  conversions  from  diesel  to  trolleybuses 
have  been  made  in  the  1970s  on  two  routes,  one  in  Toronto,  and  the  other 
in  Edmonton.    Ridership  on  light  rail  and  trolleybuses  has  not  yet  fully 
responded  to  the  improvements,  but  the  bottoming-out  dates  appear  to  be 
1977  and  1978,  respectively. 

The  exhibit  also  lists  a  new  mode,  the  automated  peoplemover, 
or  small  vehicle  Automated  Guideway  Transit  (AGT).    With  a  prototype 
tested  in  South  Park  in  Pittsburgh  in  1966,  revenue-type  operation  began 
since  1971  at  airports,  and  in  an  urban  setting  in  Morgantown  in  1975. 
(Various  amusement  park  or  exhibition  operations  are  not  considered 
here.)    As  of  1980  the  five  urban-type  peoplemovers  in  the  United  States 
accounted  for  over  1  percent  of  the  total  fixed  guideway  track  miles, 
and  a  somewhat  smaller  share  of  ridership. 

The  automated  peoplemover  was  consciously  designed  in  response 
to  the  woes  of  both  conventional  fixed  guideways  and  free-wheeled  buses 
in  an  auto-dominated  setting:    routes  too  widely  spaced,  infrequent 
service  when  vehicles  are  relatively  large,  slow  operating  speed  with 
stops  to  pick  up  passengers.    Remedying  these  disadvantages  with  or- 
dinary public  transit  quickly  translates  into  sharply  rising  labor 
costs.    By  cutting  labor  costs  with  automatic  operation,  (tested  on  the 
Times  Square  Shuttle  of  the  New  York  subway  in  1962,  but  terminated 
after  a  disastrous  fire)  small  vehicles  travelling  on  fully  grade- 


separated  guideways  could  attain  a  frequent  service  even  at  low  travel 
volumes.    Accepting  low  volumes,  a  closely-meshed  network  could  be  built 
bringing  service  close  to  the  doorstep.    An  additional  refinement  would 
be  station-to-station  service  on  demand  in  family-sized  vehicles  by- 
passing intermediate  stops,  leading  to  "personal  rapid  transit"  (PRT). 
While  this  concept  still  awaits  much  development  work,  the  present 
generation  of  automated  peoplemovers  faces  a  more  immediate  hurdle: 
bulky  grade-separated  guideway  designs  require  large  capital  investment 
and  are  not  energy-efficient.    At  low  volumes  the  capital  cost  per 
passenger  is  high.    To  attain  a  "take-off"  stage  on  the  growth  curve, 
the  automated  peoplemovers  of  the  1980s  await  a  truly  light  guideway 
design,  much  as  the  horsecars  of  the  1840s  awaited  the  design  of  a  rail 
that  was  flush  with  the  pavement. 

***.*'* 

The  cycles  of  growth,  decline  and  resurgence  of  fixed  guide- 
ways  make  it  tempting  to  surmise  that  growth  curves  related  to  free- 
wheeled vehicles  will  also  level  off  and  enter  a  period  of  decline  at 
some  point  in  the  future.    In  fact,  some  auto-related  indicators  in 
the  United  States  have  been  showing  signs  of  maturity  for  some  time  -- 
the  number  of  gasoline  service  stations  peaked  in  1972;  constant-dollar 
expenditures  on  freeway  construction  peaked  in  1968  and  are  rapidly 
shrinking;  motor  vehicle  production  appears  to  have  reached  a  plateau 
and  the  seemingly  inexorable  growth  in  vehicle-miles  travelled  showed 
the  first  interruption  since  World  War  II  in  1974,  and  a  second,  more 
prolonged  one,  in  1979-80.    Speculating  on  what  form  the  decline  of 
auto-related  systems  might  take  is,  however,  not  the  point  of  this  book. 

Rather,  its  purpose  is  to  explore  the  potential  for  three 
fixed  guideway  modes:  primarily  rapid  transit  and  light  rail ,  and  second- 
arily, peoplemovers .    Because  of  the  technological  uncertainties  attached 
to  the  last,  it  is  explored  mostly  in  the  limited  area  of  downtown 
applications.    Commuter  railroads  --  which  generally  share  track  with 


intercity  railroads  and  have  not  been  discussed  so  far  --  are  referred 
to  only  peripherally,  where  necessary  to  round  out  the  total  picture  of 
urban  rail.    The  remainder  of  this  chapter  focuses  in  more  detail  on  the 
turnaround  in  rail  transit  both  nationally  and  worldwide,  scales  the 
role  it  plays  in  America  today,  and  then  discusses  both  the  rationale 
for  new  systems  and  the  criteria  that  might  be  used  to  make  decisions 
regarding  new  routes. 

2.    Beginning  the  Second  Wave. 

The  first  American  rapid  transit  cities  paid  dearly  for  their 
decision  to  follow  the  low-capital  elevated  route.    The  unsightly  and 
noisy  structures  were  a  blight  on  surrounding  areas.    Elevated  construc- 
tion of  the  traditional  type  stopped  for  the  most  part  in  the  early 
1920s  and  removal  of  elevated  lines  became  a  key  plank  in  the  platform 
of  urban  betterment.    New  subways  were  planned  with  that  goal  in  mind. 

In  New  York,  the  opening  of  59  miles  (94km)  of  subway  line 
between  1930  and  1940  enabled  demolition  of  elevated  lines  on  a  large 
scale:  in  four  decades  between  1937  and  1977,  62  miles  (100km)  of  line 
were  removed.    In  Chicago,  18  miles  (29.1km)  of  elevated  structure  was 
removed  in  the  same  period,  only  partly  compensated  by  that  city's  first 
passenger  subways*  in  1943  and  1951.  In  Boston,  4.8  miles  (7.7km)  and  in 
Philadelphia,  3.6  miles  (5.8km)  were  removed.    In  the  four  cities  taken 
together,  43  percent  of  the  elevated  mileage  standing  in  1937  was  gone 
by  1977.    New  construction  did  not  keep  up  with  the  demolitions  for  some 
time,  so  that  the  total  length  of  rapid  transit  lines  in  the  United 
States  shrank  between  1937  and  1954.    Public  attention  was  focused  on 
ridership  declines  from  the  war-induced  peak  and  on  the  accommodation  of 


*In  the  first  decades  of  the  century,  Chicago's  business  district 
was  served  by  a  closely-meshed  network  of  narrow,  electrified  tunnels 
for  freight  delivery. 
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auto  users.    For  the  most  part  ambitious  rail  plans  of  the  1920s  were 
forgotten.    New  plans  for  rail  transit  were  modest. 

As  Herbert  S.  Levinson  and  F.  Houston  Wynn  put  it  in  February 
1961  in  a  seminal  study''  sponsored  by  the  Automobile  Manufacturers 
Association,  "in  most  cities,  future  rapid  transit  will  take  the  form  of 
express  bus  operations  on  freeways.    In  cities  where  the  attractive- 
ness...of  the  central  business  district  will  encourage  high-density 
development  within  select  corridors,  some  new  rail  rapid  transit  may  be 
desirable.    Similarly,  where  existing  rights-of-way  can  be  incorporated 
into  transit  systems,  it  may  be  economical  to  consider  rail  transit." 

That  last  precept  --  use  of  existing  rights-of-way  --  was  a 
starting  point  for  the  gradual  rise  of  a  new  wave  of  rapid  transit 
expansion.    As  evident  from  Exhibit  1.4,  most  new  rapid  transit  lines 
built  since  the  1950s  in  the  regions  of  Chicago,  Boston  and  Philadelphia 
were  of  the  "open"  type,  which  avoided  both  the  environmental  damage  of 
old-style  elevated  lines  and  the  high  cost  of  tunnels.*    Boston  opened 
such  a  low-cost  extension  of  its  Blue  line  in  1952,  and  converted  a 
railroad  to  grade-separated  streetcar  service  in  1959.    In  Cleveland, 
the  first  new  rapid  transit  system  in  the  United  States  in  half  a 
century  opened  in  1955  on  a  railroad  right-of-way.    Chicago  followed 
with  three  major  rapid  transit  lines  in  freeway  medians  in  1958,  1969, 
and  1970,  and  converted  an  abandoned  interurban  line  near  Skokie  to 
light-density  rapid  transit  in  1964.    The  Lindenwold  line  in  the  New 
Jersey  suburbs  of  Philadelphia  in  1969  followed  an  old  railroad,  as  did 
Boston's  South  Shore  extension  in  1971.    Several  of  these  extensions 
were  aimed  at  capturing  the  suburban  clientele  that  was  leaving  the  city 
as  a  place  of  residence  and,  without  convenient  transit,  might  also  have 
left  it  as  a  place  of  work. 


*The  system  extent  in  Exhibit  1.4,  in  contrast  to  the  preceding 
three  exhibits,  is  shown  in  line-miles  rather  than  track-miles,  to 
display  more  adequately  the  systems  outside  the  New  York  Region.  The 
average  number  of  tracks  per  line  of  rapid  transit  today  is  about  3.5  in 
the  New  York  Region,  and  about  2.4  outside.    The  track-miles,  throughout 
the  study,  include  yards  and  sidings. 
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Exhibit  1.4 

Line-miles  of  Rapid  Transit  by  Urban  Area,  1867-1980 
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Exhibit  1.4  (cont'd.) 

Line-miles  of  Rapid  Transit  by  Urban  Area,  1867-1980 
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New  York,  which  converted  an  abandoned  railroad  stretch  in  the 
Bronx  to  rapid  transit  in  1941,  followed  with  the  conversion  of  the 
Rockaway  line  in  1956,  but  that  addition  did  not  balance  the  closing  of 
two  rapid  transit  branches  on  Staten  Island  and  the  continued  demolition 
of  elevated  lines.  Minor  subway  additions  notwithstanding,  the  New  York 
Region's  rapid  transit  system  continued  to  shrink  until  1978  --  the  only 
one  in  the  world  to  do  so. 

Inexpensive  as  available  rights-of-way  may  be,  they  rarely  go 
where  most  people  want  to  go:  railroads  typically  traverse  industrial 
areas,  and  freeways  usually  avoid  areas  of  intense  residential  and 
commercial  activity.    The  Cleveland  system,  for  example,  was  handicapped 
from  the  start  by  lack  of  downtown  distribution.    A  voter-approved 
downtown  subway  in  Cleveland  never  materialized  in  the  1950s  because  of 
opposition  from  the  County  Engineer;  but  in  the  rapidly  expanding 
economy  of  the  1960s,  major  investment  in  city-building  exemplified  by 
underground  construction  no  longer  seemed  out  of  order  in  other  urban 
areas.    There  was  a  desire  to  rectify  the  imbalance  between  "private 
opulence  and  public  squalor"  and  a  rising  consciousness  of  environmental 
values. 

The  massive  urban  freeway  construction  of  the  1950s  and  1960s 
engendered  opposition  and  led  to  a  "freeway  revolt"  in  San  Francisco  in 
1959,  then  in  other  cities.    As  freeway  plans  were  scaled  down,  it 
became  possible  to  speak  of  rapid  transit  as  a  substitute  for  new  free- 
ways, not  merely  an  adjunct  to  them.    At  the  same  time,  the  huge  freeway 
expenditures  whetted  the  appetite  of  transit  advocates.    If  location  and 
design  standards  for  a  freeway  can  be  set  first,  and  whatever  money 
required  to  implement  them  will  be  forthcoming,  why  should  transit  lines 
be  tailored  to  meager  available  funds?    Why  not  aim  first  for  what  is 
right? 

Doing  what  was  "right"  for  rapid  transit  at  that  time  meant 
four  things:  (1)  providing  direct  service  to  clusters  of  intense  urban 
activity  in  an  environmentally  acceptable  manner,  basically  underground; 
(2)  making  sure  that  underground  access  is  not  a  deterrent  to  riders, 


but  is  convenient  and  inviting;  (3)  getting  away  from  the  tradition  of 
"sardine  cans  on  wheels"  and  providing  rolling  stock  that  is  spacious, 
quiet  and  climate-controlled;  (4)  providing  a  roadbed  that  allows  quiet 
operation,  high  speed,  and  increased  labor  productivity.    To  compete 
seriously  with  the  automobile,  rapid  transit  had  to  shed  the  negative 
attributes  which  it  had  inherited  from  an  earlier  era  through  years  of 
parsimony  and  retrenchment.    The  overhead  monorail  was  considered  as  one 
approach  to  the  problem,  but  Seattle's  1962  experiment  showed  that  this 
technology  did  not  offer  any  short-cuts  to  major  investment  in  improving 
traditional  rail. 

In  contrast  to  Toronto's  conventional  subway,  opened  in  1954, 
Montreal  was  the  first  to  seek  dramatic  innovation  in  the  four  areas 
outlined,  and  in  1961  decided  to  build  a  rapid  transit  system  superior 
in  amenity  to  any  one  in  existence.  . In  1962,  the  San  Francisco  Bay  Area 
Rapid  Transit  system  (BART)--five  times  as  large--was  approved  by  the 
voters  to  compete  with  the  auto  for  downtown  access  on  a  regional  scale. 
Opened  in  1966,  the  Montreal  system,  fully  in  a  subway,  made  a  lasting 
contribution  with  its  spacious  and  inviting  multi-level  pedestrian 
areas,  but  its  rubber-tired  rolling  stock  remains  controversial.  San 
Francisco's  BART,  opened  in  1972-74,  likewise  created  a  progression  of 
significant  urban  spaces  in  the  far-flung  centers  of  activity  which  it 
tied  together.    It  introduced  elevated  structures  acceptable  in  low- 
density  areas,  and  a  multitude  of  engineering  accomplishments  are  to  its 
credit.    Yet  BART  reached  beyond  its  grasp  in  vehicle  design  and  auto- 
matic train  operation  and  the  unreliability  of  these  systems  plagued  it 
for  a  decade,  delaying  the  attainment  of  full-scale  service.  Simpler 
automated  systems,  such  as  the  Lindenwold  line,  functioned  without 
serious  problems.    Quiet  and  air-conditioned  rolling  stock  gradually 
became  the  rule  for  new  car  orders  on  existing  systems,  and  automatic 
train  operation  the  rule  on  new  systems. 

The  expansionary  political  and  economic  climate  of  the  1960s 
raised  sights  with  respect  to  system  extent  as  well.    In  1969,  Wash- 
ington embarked  on  the  construction  of  a  101-mile  (162km)  system, 
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compared  to  34  miles  (55km)  envisioned  in  1958.    Atlanta  voters  in  1971 
approved  a  53-mile  (85km)  system,  compared  to  16  miles  (25km)  envisioned 
in  1961.    Seattle  stepped  up  its  plans  from  20  to  46  miles  (32  to  74km), 
Los  Angeles  from  22  to  201  miles  (35  to  323km),  and  even  St.  Louis  in 
1971  advanced  a  proposal  for  an  86-mile  (138km)  system,  67  miles  of 
which  (108km)  would  be  in  subway!    Altogether,  25  out  of  60  urban  areas 

with  populations  over  400,000  in  the  United  States  had  plans  for  build- 

g 

ing  urban  rail  in  1972.     Collectively,  their  ambitious  goals  would  have 
more  than  tripled  the  then  existing  rail  systems  to  over  2,200  miles 
(3,540km)  of  line  by  1990.    Typically,  these  plans  lacked  systematic 
yardsticks  for  evaluation,  and  reflected  exaggerated  demographic  and 
economic  forecasts  that  characterized  the  planning  of  the  1960s  in 
general . 

Changing  conditions  led  to  a  reevaluation  of  transit  planning 
in  the  mid-1970s.    In  the  face  of  renewed  employment  decline  in  major 
downtowns,  earlier  ridership  forecasts  appeared  unrealistic.    In  the 
face  of  budgetary  constraints,  the  expenditure  of  $42  billion  in  con- 
stant 1971  dollars  for  the  25  systems  planned  was  not  likely.    At  a  time 
when  a  schedule  for  reducing  the  energy  requirements  of  the  automobile 
was  embedded  in  law,  the  rising  energy  requirements  of  rail  transit  for 
high  acceleration,  high  speed,  air-conditioning  and  other  amenities  came 
to  be  questioned.    In  academic  circles,  blanket  arguments  against  rail 

transit  and  for  reliance  on  buses  and  more  efficient  automobile  use 

9 

erupted  with  new  vigor.     The  Federal  policy  response  was  more  cautious: 
it  required  a  more  thorough  evaluation  of  alternatives  as  a  prerequisite 
to  Federal  funding;  it  limited  Federal  commitments  to  "operable  segments" 
of  new  lines  rather  than  to  entire  regionwide  systems,  and  urged  con- 
sideration of  light  rail--that  is  partially,  rather  than  fully  grade 
separated  rail  lines--as  an  alternative  to  rapid  transit  for  cities  with 
moderate  passenger  volumes  and  comparatively  short  trips.  ^ 

These  changing  perspectives  notwithstanding,  the  extent  of 
rapid  transit  in  the  United  States  did  increase  significantly  over  three 
decades,  as  Exhibit  1.5  indicates.    From  1954  to  1980,  Chicago,  Boston 
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Exhibit  1.5 

Total  Miles  of  Line  of  Grade-Separated  Rail  Transit  in  the  United  States,  1870-1980 


RAPID  TRANSIT:  Length  of  line  or  first  track,  as  of  year  end  (miles) 
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Chicago 
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Boston 
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16.1 
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24.3 

32.9 

36.7 

+  3.2 

Philadelphia 

(1907) 

7.0 

24.9 
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oo.b 

oo.o 

Cleveland  * 

(1955) 

15.2 

19.3 

19.3 

19.3 

San  Francisco 

(1972) 

71.0 

71.0 

Washington 

(1976) 

37.2 

+27.0 

Atlanta 

(1979) 

11.8 

+  1 1.6 

Baltimore 

(future) 

+  8.5 

Miami 

(future 

+20.5 

Subtotal 

32.2         106.0  310.3 

403.8 

398.5 

435.8 

510.1 

562.0 

84.8 

LIGHT  RAIL: 

Portions  of  line  with  fully  grade-separated  right- 

of-way,  as  of  year  end  (miles) 

Boston 
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1.5  5.7 
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14.7 

14.7 

Philadelphia 
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16.1 

16.1 

Cleveland 

(1920) 

4.5 

6.0 

3.5 

3.5 

3.5 

3.5 

Rochester 

(1927-56) 

10.0 

Newark 

(1935) 

4.3 

4.3 

4.3 

4.3 

4.3 

San  Francisco 

(1980) 

6.2 

Buffalo 

(future  1 .2  miles  at  grade,  6.4  miles  total) 

+  5.2 

San  Diego 

(future  15.9  miles  has  no  fully  grade-separated  right-of-way) 

TOTAL,  grade  separated  ** 

32.2         107.5  338.5 

447.0 

437.1 

474.4 

548.7 

606.8 

90.0 

The  Cleveland  RT  system  shares  2.5  miles  of  line  with  Light  Rail. 

In  addition,  there  are  1.2  miles  of  grade-separated  Light  Rail  in  Fort  Worth;  reserved  right-of-way  Light  Rail  lines 
totalled  53.1  miles  in  1980,  and  street-running  lines,  100.5  miles;  see  Table  H-3. 


-22- 


and  Philadelphia  gained  42  miles  (68km)  of  rapid  transit  line,  though 
this  was  moderated  by  a  net  loss  of  7  miles  (11km)  in  New  York.    The  new 
systems  of  Cleveland,  San  Francisco,  Washington  and  Atlanta  added  139 
miles  (224km)  of  rapid  transit  line.    Taken  together,  the  four  "old" 
rapid  transit  regions  just  about  returned  to  their  peak  system  extent  of 
1937,  while  the  four  "new"  regions  added  a  one-third  increment.  In 
addition  in  1980,  17  miles  (27km)  of  new  line  were  under  construction  in 
three  of  the  "old"  rail  regions,  while  in  Washington,  Atlanta,  Baltimore 
and  Miami,  68  miles  (109km)  were  being  built. 

Partially  grade  separated  light  rail  lines  were  under  con- 
struction in  San  Diego  and  Buffalo,  and  under  design  in  Pittsburgh, 
Portland  and  Detroit.    This  form  of  rail  transit  originated  in  the 
United  States  in  the  form  of  streetcar  subways  in  Boston  in  1897,  Phila- 
delphia in  1905,  Rochester  in  1927  (abandoned  in  1956)  and  Newark  in 
1935;  but  in  the  rush  to  eliminate  streetcars,  it  was  forgotten.    In  the 
mid-1950s,  it  was  resurrected  in  Stuttgart,  Cologne  and  other  cities  in 
Europe  which  had  to  contend  with  the  identical  problem  of  freeing  street- 
cars from  street  congestion.    This  produced  a  variety  of  partially  grade 
separated  systems,  sometimes  called  pre-Metro*  or  semi-Metro.    When  the 
time  came  to  build  the  Market  Street  subway  for  BART  in  San  Francisco, 
it  was  recognized  that  a  second  tunnel  level  (initially  considered  for 
rapid  transit)  would  greatly  benefit  surviving  streetcar  operations  into 
downtown.    Due  to  problems  with  rolling  stock,  the  opening  of  this  line 
was  delayed  for  nearly  a  decade.    Meanwhile,  Edmonton  in  Canada  opened  a 
new  4.5  mile  (7.2km)  light  rail  line  with  a  short  downtown  subway  in 
1978,  and  Calgary  followed  with  an  8.3  mile  (13.4km)  line  that  entered 
downtown  on  a  surface  mall  in  1981.    Exclusive  busways  did  not  achieve 


*An  early  "pre-Metro"  system  were  the  Brighton,  Culver,  West  End 
and  Sea  Beach  lines  in  Brooklyn,  which  progressed  through  a  transition 
from  steam  excursion  railroads,  to  "light  rail"  and  mixed  "light  rail" 
and  rapid  transit  service,  to  full  rapid  transit  service  in  1890-1915. 
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the  widespread  application  envisaged  in  earlier  years,  but  one  was  built 
near  Washington,  one  in  Los  Angeles,  and  two  in  Pittsburgh,  for  a  total 
length  of  about  34  miles  (55km).    The  first  now  operates  as  a  feeder  to 
Washington's  rail  rapid  transit  system. 

In  countries  outside  the  United  States,  the  reduction  in  rapid 
transit  mileage  caused  by  the  removal  of  elevated  lines  did  not  occur. 
Only  the  construction  pace  slackened  between  1940  and  1960.    Yet,  the 
"second  youth"  of  rapid  transit  was  even  more  remarkable.    Compared  to  a 
38  percent  increase  in  rapid  transit  mileage  in  the  United  States  between 
1960  and  1980,  the  increase  in  the  rest  of  the  world  was  127  percent. 
In  1960,  only  26  cities  in  the  world  had  rapid  transit,  and  the  bulk  of 
the  mileage  was  in  12  cities  which  had  started  operations  prior  to  World 
War  I.    By  1980,  the  number  of  world  cities  with  full-scale  rapid  transit 
increased  to  55.    A  dozen  additional  cities  built  downtown  subways  for 
light  rail.    The  pace  at  which  new  rapid  transit  lines  were  opened  to 
traffic  increased  from  about  9  miles  (15  km)  a  year  worldwide  in  1940-60 
to  50  miles  (80km)  a  year  in  1960-75  to  70  miles  (113km)  in  1976-77.  By 
1980,  an  estimated  2,158  miles  (3,473km)  of  grade-separated  rail  transit 
were  in  existence  in  the  world,  compared  to  1,120  miles  (1,804km)  in 
1960.    This  upswing  is  shown  graphically  in  Exhibit  1.6,  with  detaild 
data  in  Table  A-2. 

To  be  sure,  the  worldwide  resurgence  after  1960  was  in  part 
due  to  new  urbanization  in  Asia,  Latin  America  and  the  Soviet  Union. 
Yet  these  parts  of  the  world  account  for  little  more  than  one-fifth  of 
mileage  built  from  1960  to  1980.    A  nearly  equal  amount  was  built  in 
Canada  and  Western  Europe.    The  United  States  accounts  for  less  than 
one-sixth  of  the  new  construction. 

In  the  developed  countries,  which  no  longer  experience  the 
precipitous  urbanization  typical  of  Asia,  Latin  America,  or  the  USSR,  it 
was  the  difficulty  of  handling  masses  of  automobiles  in  cities  that  gave 
the  impetus  to  the  new  age  of  rail  transit.    Thus,  74  percent  of  the 
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exi sting  world  rail  rapid  transit  mileage  is  located  in  Europe  and  North 
America,  which  own  84  percent  of  the  world's  passenger  automobiles.  The 
growing  share  of  rail  transit  in  Asia  and  Latin  America  has  been  expand- 
ing pretty  much  in  step  with  their  growing  share  of  private  autos.  Only 
the  Soviet  Union  has  expanded  its  share  of  the  world's  rapid  transit 
faster  than  its  share  of  automobiles. 

3.    Rail  Transit  Use  in  the  United  States. 

The  benefits  that  rail  transit  offers  arise  from  its  use  by 
people.    It  is  therefore  appropriate  to  review  the  present  use  patterns 
of  urban  rail  in  the  United  States  in  the  aggregate,  compare  them  to 
those  in  other  countries,  and  then  focus  on  ridership  on  particular 
systems  and  lines.    The  historical  transit  use  data  displayed  earlier  in 
Exhibit  1.2,  --  the  only  ones  available  for  the  long  time  span  shown  — 
have  several  shortcomings.    They  contain  inconsistencies  in  accounting 
for  transfer  trips;  they  omit  trips  by  commuter  rail  (usually  listed  in 
intercity  railroad  statistics);  and  they  take  no  account  of  trip  length. 

The  use  of  transportation  systems  is  better  measured  in  pas- 
senger-miles (or  passenger-kilometers)  of  travel,  i.e.,  the  number  of 
trips  multiplied  by  their  length.    The  average  trip  length  in  the  United 
States  in  the  late  1970s  was  21.7  miles  (34.9km)  by  commuter  rail,  6.9 
miles  (11.1km)  by  rapid  transit,  3.1  miles  (5.0km)  by  streetcar  and 
light  rail  and  an  estimated  3.5  miles  (5.6km)  by  urban  bus.    This  in- 
cludes as  separate  trips  those  taken  by  separate  modes,  but  excludes 
intra-mode  transfers  (e.g.,  a  bus-to-bus  transfer  is  counted  as  one  bus 
trip) . 

Public  transit  travel  in  the  United  States  in  passenger-miles 
by  mode,  with  a  breakdown  for  the  major  urban  regions,  is  shown  for 
selected  years  in  Exhibit  1.7.    The  bars  show  that  in  1971  (the  year 
of  a  comprehensive  national  survey),  the  rail  modes  accounted  for  more 
than  half  of  all  urban  travel  by  public  transit  (not  counting  taxicabs). 
Buses  accounted  for  somewhat  less  than  half.    In  later  years,  this 
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Exhibit  1.7 

Urban  Mass  Transit  Trave!  in  the  United  States,  1971-1979 


21.4 
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relationship  was  reversed,  mostly  because  job  losses  caused  a  sharp  drop 
in  rapid  transit  travel  in  New  York  City,  as  discussed  earlier.  Com- 
muter rail  ridership,  oriented  to  higher-paying,  more  stable  jobs,  was 
level  and  then  grew.    Bus  ridership  grew  nationwide  due  to  service 
expansion  and  reduced  fares. 

Because  of  the  allocation  formula  of  the  1974  Mass  Trans- 
portation Assistance  Act,  which  favored  cities  with  low  transit  use,  the 
Federal  contribution  to  operating  subsidies  for  buses  was  about  double 
that  for  urban  rail.    In  1976,  the  federal  operating  subsidy  averaged 
about  1.7c  per  passenger-mile  on  urban  buses  compared  to  about  0.9$  and 
0.8£  on  rapid  transit  and  commuter  rail  \  respectively.    (This  is  in 
contrast  to  Amtrak  intercity  rail  riders,  who  received  10  times  more  or 
8.0<t  per  passenger-mile).    Of  course,  rail  transit  received  the  bulk  of 
federal  capital  funds,  but  many  of  the  funded  projects  are  not  yet  in 
service. 

In  1978,  total  urban  rail  travel  increased  for  the  first  time 
in  eight  years  as  a  result  of  an  economic  upswing  in  central  cities,  and 
in  1979  a  further  increase  was  registered  in  the  wake  of  gasoline  short- 
ages, which  had  a  more  lasting  effect  than  those  of  1974.  Oriented 
toward  suburban  auto  territory,  commuter  railroads  registered  the  largest 
increases  among  the  fixed  guideway  modes,  followed  by  rapid  transit  and 
streetcar  lines:  total  urban  rail  travel  in  the  United  States  returned 
to  the  1971  level  of  some  17  billion  passenger-miles  (27  billion 
pkm)  annually  in  1979. 

In  1971,  prior  to  the  opening  of  new  systems,  virtually  all 
(99.5  percent)  of  the  nation's  travel  by  urban  rail  took  place  in  six 
urban  areas,  namely  New  York-Northeastern  New  Jersey,  Chicago,  Phila- 
delphia, San  Francisco,  Boston  and  Cleveland.    These  traditional  "rail 
regions"  contained  40.7  million  residents— one-quarter  of  the  nation's 
urban  population.    In  Exhibit  1.8,  rail,  bus  and  auto  travel  per  resi- 
dent in  1971  is  shown  for  the  six  "rail  regions"  and  for  235  remaining 

12 

urban  areas,  arranged  into  three  groups  by  population  size.  Several 
important  messages  emerge  from  the  chart. 
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(1)  Urban  rail  travel  is  highly  concentrated  in  time  and 
space.    In  six  "rail  regions"  in  1971,  it  accounted  for  8  percent  of 
all  travel  on  an  annual  basis  but  for  22  percent  of  weekday  peak  hour 
travel .    In  fact,  peak  hour  rail  travel  in  the  six  regions  taken  to- 
gether is  roughly  the  same  as  peak  hour  travel  on  freeways.    The  com- 
bined usage  of  freeways  in  the  Regions  of  New  York,  Chicago,  Phila- 
delphia, San  Francisco,  Boston  and  Cleveland  would  have  to  double  during 
the  peak  hour  to  carry  the  passenger-miles  that  rail  does. 

(2)  Urban  rail  travel  generally  does  not  displace  bus  travel: 

per  capita  passenger-miles  of  travel  by  bus  in  the  six  "rail  regions" 

are  the  same  or  slightly  higher  than  in  other  urban  areas.    In  other 

words,  rail  travel  occurs  predominantly  at  the  expense  of  auto  travel. 

This  observation,  apparent  from  cross-sectional  data  in  Exhibit  1.8 

tends  to  be  supported  by  time-series  data  as  well.    The  opening  of  BART 

added  over  20  percent  to  the  number  of  daily  trips  by  mass  transit  in 

the  San  Francisco  Bay  area  between  1972  and  1975;  yet,  while  some  44 

percent  of  the  BART  patrons  came  from  buses,  total  non-BART  trips  by 
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mass  transit  (mostly  by  bus)  also  increased  during  this  period.  Bus 
feeder  trips  to  and  from  the  new  rail  system  and  a  general  increase  in 
transit  orientation  more  than  compensated  for  the  bus  trips  replaced  by 
rail.    Similarly,  the  introduction  of  rail  rapid  transit  in  Washington 
in  1976  did  not  reduce  the  number  of  bus  trips:  they  numbered  122.8 
million  in  1975,  and  137.4  million  in  1979,  even  as  rail  trips  increased 
from  nothing  to  69.2  million.    Before  and  after  data  on  a  passenger-mile 
basis  are  not  available  for  San  Francisco;  in  Washington  bus  passenger 
miles  do  seem  to  have  dropped  about  18  percent  over  the  period.  Still, 
for  every  two  bus  passenger-miles  diverted  to  rail,  roughly  one  passen- 
ger-mile was  newly  attracted  to  buses. 

(3)  Total  mass  transit  travel  per  resident  in  the  "rail 
regions"  is  four  to  five  times  higher  than  in  bus-only  regions.  While 
this  total  is  heavily  weighted  by  New  York,  each  of  the  rail  regions 
taken  separately  displays  an  above-average  level  of  public  transit  use, 
measured  in  trips  or  in  passenger-miles.    Even  small  rail  systems,  such 
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Exhibit  1.8 

The  Role  of  Rail  in  U.S.  Cities,  1971 

(Commuter  Rail,  Rapid  Transit  and  Light  Rail) 


Per  capita  travel  by  all  modes  (height  of  bars) 
Total  volume  of  travel  by  all  modes  (area  of  bars) 


Auto 
street 


Auto 
freeway 


Rail 
8% 

Bus 
3.5% 


ANNUAL 


1-7 


-6 


-4 


-  5 


Auto 
street 


3  o 


Auto 
freeway 


40.7 
A 


18.6 
B 


38.1 
C 


30.7 
D 


lillion,  population 


PEAK  HOUR 


r-  1.4 


-1.3 


-1.2 


-1.1 


-1.0 


-0.9 


-0. 


-  0.7 


-  0.6 


-0.5 


-  0.4 


-  0.3 


-0.2 


0.1 


i II ion ,  population 


A  —  6  Urban  areas  over  2  million  with  major  rail  systems  C  — 
B  —  4  Urban  areas  over  2  million  without  major  rail  systems  D  — 
Source:  Table  A-3,  based  on  U.S.  DOT  1974  National  Transportation  Report. 


42  Urban  areas  with  0.5  to  2  million 
189  Urban  areas  with  0.05  to  0.5  million 
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as  the  one  in  Cleveland,  provide  an  increment  of  transit  travel  that 
rises  above  the  general  level  of  bus  use. 

(4)    The  reduction  of  auto  travel  in  the  six  "rail  regions" 
is  much  greater  than  that  attributable  to  the  direct  replacement  of 
auto  travel  by  rail  travel.    On  the  average,  auto  travel  per  capita  in 
the  six  major  urban  areas  with  rail  was  30  percent  lower  than  in  four 
urban  areas  of  comparable  population  size  that  had  no  rail  in  the  early 
1970s.    (The  four  were  Los  Angeles,  Detroit,  Washington  and  St. Louis, 
and  are  represented  by  the  second  bar  in  Exhibit  1.8).    Auto  travel  per 
capita  in  "rail  regions"  was  also  20  percent  lower  than  in  42  urban 
areas  with  populations  in  the  0.5  to  2.0  million  range  served  by  bus 
(the  third  bar  in  Exhibit  1.8).    Direct  replacement  of  auto  travel  with 
rail  travel  would  only  suggest  a  6  to  7  percent  reduction  in  each  case. 
The  remainder  can  be  attributed  to  lower  auto  ownership  and  less  travel 
per  auto  in  the  "rail  regions." 

This  below-average  auto  ownership  and  use  is  not  related  to 
income;  in  fact,  the  median  income  in  the  "rail  regions"  is  slightly 
higher  than  in  the  regions  without  rail.    Their  freeway  supply  is  also 
similar,  with  about  70  miles  (some  110km)  of  freeway  per  million  resi- 
dents in  each  of  the  two  groups  in  1972. 

The  principal  reason  for  the  suppression  of  both  auto  owner- 
ship and  auto  use  is  high  density  of  development,  especially  in  and  near 
large  downtowns,  which  are  simultaneously  made  possible  and  stimulated 
by  rail  access.    To  a  lesser  degree,  this  effect  can  also  be  observed  in 
Baltimore  and  Pittsburgh,  which  did  not  have  major  rail  systems  in  the 
early  1970s,  but  which  did,  historically,  develop  above  average  densities 
in  the  core. 

Density  acts  as  a  barrier  to  auto  use  by  reducing  speeds  and 
increasing  the  costs  of  owning  and  operating  an  auto.    In  addition,  auto 
ownership  in  urban  cores  is  more  sensitive  to  income  than  that  in  sub- 
urban areas,  where  auto  ownership  is  more  necessary  even  among  low- 
income  households. 


-31- 


Not  only  are  fewer  autos  owned  in  higher-density  areas,  but 
those  that  are  owned  are  driven  less.    Preliminary  results  from  a  recent 
study  suggest  that  autos  owned  by  lower-income  households  in  urban  core 
areas  are  driven  about  25  percent  less  than  in  suburban  and  about  20 
percent  less  than  in  rural  areas.    Those  owned  by  middle-  and  upper- 
income  households  are  driven  about  20  percent  less  in  urban  areas  than 

in  suburban  ones,  and  30  to  45  percent  less  in  urban  areas  than  in  rural 
14 

ones. 

Lastly,  higher  density  is  associated  with  more  transit  service. 

Auto  ownership  does  respond,  to  some  degree,  to  the  level  of  bus  service 
15 

provided.       This  effect  is  even  more  pronounced  in  the  case  of  rail 
service.    Auto  ownership  (adjusted  for  income  and  urban  density)  tends 
to  be  lower  in  the  vicinity  of  rail  stations  (both  rapid  transit  and 
commuter)  than  in  surrounding  territory,  as  shown  subsequently  in  Exhibit 
3.22.    Therefore,  the  auto  travel  saved  by  rail  is  not  just  that  actually 
shifted  to  rail,  but  also  all  the  other  travel  that  would  have  been  made 
by  the  autos  which  would  have  been  owned  were  it  not  for  rail. 

The  overall  reduction  in  auto  use,  associated  directly  and 
indirectly  with  the  presence  of  rail  on  the  nationwide  scale,  is  por- 
trayed in  Exhibit  1.9.    In  addition  to  the  direct  diversion  of  the 
equivalent  of  11.6  billion  vehicle-miles  (18.7  billion  vkm)  of  auto 
travel  to  rail  annually,  the  six  rail  regions  effected  an  indirect 
saving  of  four  times  as  much  auto  travel  (47.1  billion  vehicle-miles  or 
75.7  billion  vkm)  in  the  early  1970s.    This  is  more  than  all  the  annual 
auto  travel  in  the  Los  Angeles. region.    Obviously  though,  this  syner- 
gistic effect  of  rail  transit  and  compact  land  use  cannot  be  expected  to 
ievelop  immediately  after  new  rail  systems  are  put  in  operation. 

(5)    The  nation's  six  major  rail  regions  do  represent  travel - 
conserving  environments.    As  a  result  of  their  reduced  auto  use,  their 
total  travel  per  resident  is  lower  than  in  any  other  urban  size  group. 
While  the  journey-to-work  does  tend  to  get  shortened  with  smaller  city 
size--typically  associated  with  lower  density--the  saving  in  work  travel 
in  the  smaller  cities  is  negated  by  an  increase  in  discretionary  travel. 
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Exhibit  1.9 

The  Effect  of  the  "Rail  Regions"  on  the  Reduction  of  Auto  Travel 
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1  his  confirms  a  general  rule--the  lower  the  density  of  settlement,  the 
more  travel  per  person. 

The  surfeit  of  travel  in  low-density  areas  should  not  be 
equated  with  greater  mobility.    Equal  amounts  of  mobi 1 i ty--def ined  as 
access  to  desired  destinations--requi re  considerably  different  amounts 
of  travel  in  different  settings.    It  is  precisely  the  lack  of  desired 
destinations  nearby  that  causes  much  of  the  extra  travel  in  low-density 
areas.    The  low  perceived  cost  of  travel  is  another  factor. 

The  exceptionally  high  volume  of  auto  travel  in  the  United 
States—a  consequence  and  a  cause  of  low-density  settlement—makes  the 
urban  rail  share  of  all  nationwide  travel  low.    Since  urban  mass  transit 
travel  by  all  modes  is  only  about  4  percent  as  large  as  urban  auto 
travel,  and  about  2  percent  as  large  as  total  auto  travel,  the  share  of 
urban  rail  is  2  percent  and  1  percent,  respectively. 

On  a  per  capita  basis,  however,  the  United  States  is  more 
comparable  to  other  countries  in  urban  rail  transportation.  Excluding 
commuter  and  light  rail,  for  which  world  data  are  not  readily  available, 
the  10.3  billion  passenger-miles  (16.5  billion  pkm)  of  rapid  transit 
travel  in  the  nation  represented  over  one-sixth  of  the  world  total  in 
1975.    Per  capita  of  national  population,  passenger-miles  travelled  by 
rapid  transit  in  the  United  States  were  below  Japan,  the  Soviet  Union 
and  Canada,  but  above  the  average  level  of  14  European  nations  with 
rapid  transit. 

Throughout  the  world,  rapid  transit  is  a  highly  specialized 
mode,  serving  strategic  concentrations  of  population  and  economic 
activity.    Its  benefits,  and  those  of  other  fixed  guideway  systems,  must 
therefore  be  evaluated  in  the  context  of  the  immediate  environments  they 
serve.    The  "importance"  of  rail  transit  cannot  be  equated  with  its 
"share"  of  national  travel. 
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4.    Passenger  Loads  on  Systems  and  Lines. 

The  patterns  of  rapid  transit  use  in  different  parts  of  the 
world  are  portrayed  in  Exhibit  1.10.    System  extent  is  shown  horizon- 
tally, and  annual  traffic  density,  or  load  per  mile  of  line,  vertically. 
The  area  of  the  rectangle  represents  the  passenger-miles  (or  passenger- 
kilometers)  carried  by  each  system  as  of  1975. 

In  the  newly  urbanizing  parts  of  the  world,  systems  tend  to  be 
short,  reflecting  primarily  a  shortage  of  capital  funds.  Conversely, 
loads  per  line  are  very  high.    In  the  Soviet  Union,  with  its  extremely 
crowded  urban  conditions  and  low  auto  ownership,  loads  average  90  mil- 
lion passenger-miles  of  travel  (PMT)  per  mile  of  line  (90  million  pkm/km) 
annually.    Next  comes  Latin  America,  with  short  systems  that  are  very 
heavily  used  (nearly  70  million  PMT/mile  or  pkm/km)  in  part  due  to  the 
additional  mid-day  siesta  peak.    Asia  follows,  represented  mostly  by 
Japan  and  South  Korea  (60  million  PMT/mile  or  pkm/km).    Heavy  use  of 
commuter  rail  for  urban  travel  in  Japan  results  in  a  short  average  trip 
by  rapid  transit:  in  Tokyo,  as  an  example,  two-thirds  of  the  urban  rail 
trips  are  carried  by  railroads  and  only  one-third  by  rapid  transit. 

The  pattern  is  different  in  countries  with  older  urbanization. 
Their  system  extent  corresponds  more  closely  to  the  geographic  extent  of 
their  urban  areas.    Other  than  London  and  Paris,  the  cities  of  Europe 
and  Canada  cover  relatively  small  areas.    Hence  rapid  transit  systems 
are  short--half  the  systems  in  Europe  are  shorter  than  16  miles  (about 
26km).    The  two  Canadian  systems  averaged  20  miles  (32km)  in  1975.  This 
is  reflected  in  a  short  average  trip  length  --  under  3.7  miles  (6.0km) 
in  Europe  and  Canada.    By  contrast,  the  United  States  has  more  large 
cities,  which,  in  addition,  are  spread  out.    Accordingly,  even  excluding 
New  York,  rapid  transit  networks  averaged  50  miles  (80km)  in  extent,  and 
carried  trips  that  were  twice  as  long  as  those  in  Canada  and  Europe. 

The  greater  trip  length  in  the  United  States  compensates  for 
fewer  riders  per  line,  so  that  on  balance  the  load  per  line  is  20 
million  PMT/mile  (pkm/km),  compared  to  18  million  in  Europe.  Moderate 
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Exhibit  1.10 

World  Rapid  Transit  Use  by  Urban  Area,  1975 

(Excludes  Commuter  Rail  and  Light  Rail) 
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loads  per  mile  are  not  a  uniquely  American  phenomenon:  they  are  gen- 
erally characteristic  of  affluent  societies  with  older  urbanization. 
They  make  it  possible  to  provide  comfortable  levels  of  service:  annual 
volumes  of  more  than  about  25  to  35  million  PMT/line  mile  tend  to  be 
indicative  of  peak  hour  overcrowding. 

Individual  cities  follow  the  national  patterns.  Rapidly 
growing  cities  in  countries  with  moderate  incomes  have  extremely  high 
average  loads  per  line--in  the  range  of  45  to  110  million  PMT/line  mile 
(pkm/km)  annually.    Foremost  among  them  is  Moscow,  followed  by  Mexico 
City,  Leningrad,  Tokyo,  Sao  Paulo,  Seoul,  Kiev,  Madrid  and  Osaka.  New 
York  was  also  in  that  category--in  1930.    By  1976,  the  New  York  Region 
was  down  from  53  to  30  million  PMT/line  mile  (pkm/km),  a  level  similar 
to  that  of  Toronto,  Montreal,  Barcelona  and  Paris.    This  is  about  the 
maximum  attained  today  in  countries  with  high  incomes  and  older  urban- 
ization. 

The  great  majority  of  European  rapid  transit  systems,  in- 
cluding both  large  networks  such  as  those  of  London,  Berlin,  Hamburg  or 
Stockholm,  and  medium-sized  ones  such  as  Milan,  Munich,  Vienna  or  Oslo, 
carry  between  4  million  and  18  million  PMT/  line  mile  (pkm/km).  American 
systems  serving  Philadelphia,  Chicago,  Boston,  San  Francisco  (BART), 
Washington  (not  shown  in  the  1975  chart)  and  Cleveland  fall  in  the  same 
range.    Passenger  volumes  on  rapid  transit  lines  in  the  United  States 
outside  New  York  are  low  by  world  standards,  but  they  are  not  low  by  the 
standards  of  the  developed  countries  of  Europe,  where  current  auto 
ownership  rates  are  comparable  to  those  of  the  United  States  in  the 
1950s  and  1960s. 

Loads  on  light  rail  are  plausibly  lower  than  on  rapid  transit. 
The  nationwide  average  for  the  surviving  streetcar  lines  in  the  United 
States  (half  of  which  have  a  reserved  or  a  grade-separated  right-of-way) 
was  2.5  million  PMT/mile  (pkm/km)  in  1976,  which  happened  to  be  similar 
to  the  nationwide  average  for  commuter  rail.    Comparable  foreign  light 
rail  and  commuter  rail  statistics  are  not  readily  available.    The  five 
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automated  "peoplemovers"  in  the  United  States,  referred  to  earlier, 
averaged  about  1.8  million  PMT  per  mile  of  two-track  equivalent  guideway. 

The  average  annual  load  per  mile,  discussed  so  far,  conceals 
peaking  patterns  (both  weekly  and  daily)  and  the  spatial  distribution  of 
travel  among  lines  on  a  system.    The  weekday  peak  hour  one-directional 
load  at  the  maximum  load  point  (which  usually  occurs  at  the  edge  of 
downtowns)  is  a  more  specific  figure  for  planning  purposes.    In  Exhibit 
1.11,  the  one-directional  peak  hour  loads  are  displayed  for  62  tracks 
entering  13  North  American  downtowns  in  1976-80. 

Not  surprisingly,  systems  with  high  annual  loads       New  York, 
Toronto  and  Montreal  --  also  have  high  peak  period  volumes.    The  28 
rapid  transit  tracks  entering  these  three  downtowns  in  1976  averaged 
21,500  persons  per  track  in  the  peak  hour,  in  contrast  to  6,500  per 
track  on  the  24  tracks  entering  the  downtowns  of  Chicago,  Philadelphia, 
Boston,  San  Francisco  and  Newark.  Three  tracks  into  downtown  Washington 
averaged  an  estimated  11,000  peak  hour  entrants  in  1980.    The  six  light 
rail  tracks  entering  Philadelphia,  Boston,  San  Francisco,  Pittsburgh  and 
Newark  on  grade-separated  facilities  (or  about  to  be  relocated  to  grade  - 
separated  facilities)  averaged  3,400  inbound  passengers  in  the  peak 
hour.    This  compares  to  roughly  a  4,000  average  on  the  rapid  transit 
tracks  into  downtown  Atlanta  and  over  2,000  on  the  Edmonton  light  rail 
track  in  1980. 

Rail  advocates  have  not  tired  of  pointing  out  that  a  single 
rapid  transit  track  can  carry  over  40,000  passengers  per  direction  per 
hour.    Indeed,    the  one  most  heavily  used  track  in  New  York,  with  53,000 
inbound  peak  hour  passengers  through  the  53rd  Street  tunnel,  does  carry 
as  many  people    as  are  carried  to  downtown  Chicago,  by  all  its  rapid 
transit  tracks.    Under  conditions  of  extreme  congestion,  passenger  flows 
may  exceed  70,000  per  track  per  peak  hour  per  direction  as  in  Moscow  or 
Tokyo.    Yet,  in  the  United  States  outside  New  York,  the  maximum  need, 
represented  by  Chicago    and  Washington  is  for  about  13,000  passengers 
per  track  per  peak  hour  per  direction. 
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Exhibit  1.11 

Weekday  8-9  A.  M.  Passenger  Entries  into  North  American  Downtowns  by  Track,  1976 
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The  huge  possible  capacities  of  rapid  transit  have  often 
created  the  impression  that  rapid  transit  is  not  justified  unless 
capacities  of  this  magnitude  are  in  fact  attained.    Prior  to  the  in- 
stitution of  short  headways  in  1980,  BART  was  criticized  for  the  al- 
legedly low  level  of  use  on  its  Trans-Bay  tube  --  8,000  passengers  per 
track  per  peak  hour  per  direction.    This  flow  --  respectable  compared  to 
other  U.S.  downtowns  outside  New  York  --  fell  far  short  of  potential 
demand  because  of  long  headways  necessitated  by  train  control  problems, 
and  because  of  lack  of  service  integration  with  buses. 

In  fact,  even  downtown  entry  volumes  of  4,000  to  6,000  pas- 
sengers per  track  per  peak  hour  are  not  trivial.    Assuming  stable  flow 
conditions  (1,700  automobiles  per  lane  per  hour)  and  an  occupancy  of  1.4 
persons  per  auto  in  weekday  rush  hour  traffic,  one  track  carrying  such 
passenger  volumes  does  a  job  equivalent  to  two  to  three  lanes  of  freeway. 

The  level  of  about  4,000  passengers  per  peak  hour  at  downtown 
entry  points  is  one  at  which  tradeoffs  between  standard  rapid  transit 
and  light  rail  occur,  as  seen  in  Exhibit  1.11.    Volumes  lower  than  4,000 
passengers  per  direction  per  peak  hour  at  downtown  entries,  and  down  to 
1,500  are  (with  four  exceptions)  carried  by  light  rail.    Heavier  volumes 
(with  three  exceptions)  are  carried  by  rapid  transit.    Present  levels  of 
rail  use  are  not  necessarily  a  norm  for  the  development  of  new  systems. 
Yet,  if  planning  is  to  remain  realistic,  these  levels  must  be  recognized. 

5.    Impact  on  Urban  Development. 

The  travel  volume  on  a  rail  line  is,  among  other  things,  an 

indicator  of  the  amount  of  access  it  provides,  and  hence  of  the  amount 

of  urban  development  it  supports.    The  amount  of  development  on  any 

site,  while  affected  by  its  topography  and  other  qualities,  tends  toward 
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an  equilibrium  with  the  accessibility  of  the  site.  Accessibility 
reflects  the  ease  of  reaching  each  of  all  the  other  sites  in  an  urban 
area  from  the  site  in  question,  and  the  distribution  of  development 
among  them.    The  ease  of  reaching  them  is  measured  by  the  time,  money 
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and  discomfort  which  movement  along  the  transportation  network  requires, 
and  by  people's  propensity  to  incur  such  expenditures  for  each  increment 
of  distance.    At  a  greater  level  of  detail,  the  question  "accessibility 
to  what"  assumes  importance.    Thus,  accessibility  to  blue-collar  workers 
has  little  relevance  for  the  location  of  an  office  building.  Because 
they  provide  concentrated  access,  and  because  they  can  avoid  detracting 
from  the  sites  they  serve,  fixed  guideways  are  logically  suited  to 
compact  patterns  of  land  development. 

One  must,  however,  bear  in  mind  that  the  access  advantage  that 
any  transportation  improvement  creates  is  a  relative  one,  measured  in 
comparison  with  surrounding  sites.    In  the  nineteenth  century,  when  all 
sites  were  basically  accessible  on  foot,  those  few  that  could  be  reached 
with  much  greater  ease  by  streetcar  had  a  significant  access  advantage 
indeed,  and  building  floorspace  naturally  clustered  there.    When  the 
automobile  allowed  travel  with  greater  ease  than  the  streetcar  over  a 
much  wider  area,  a  great  many  sites  became  about  equally  accessible,  and 
the  incentive  for  clustering  was  drastically  diminished. 

These  theoretical  considerations  are  illustrated  in  Exhibit 

1.12,  which  shows  computer  drawings  derived  from  a  mathematical  model  of 
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land  use  --  travel  mode  relationships.       All  three  drawings  show  a 
hypothetical  population  of  1.5  million  distributed  over  an  area  of  121 
square  miles.    In  the  top  drawing,  the  area  is  traversed  at  right  angles 
by  two  rail  lines  which  serve  13  square  miles  with  one  station  each. 
They  allow  travel  at  25  mph  for  a  fare  of  10<£.    The  remaining  108  square 
miles  are  only  accessible  on  foot,  at  3  mph  and  no  cost  in  money.  The 
extreme  degree  to  which  population  would  be  clustered  in  the  accessible 
square  miles  under  these  conditions  is  apparent. 

In  the  middle  drawing,  a  network  of  arterial s  is  introduced 
which  allows  auto  access  to  all  square  miles  at  20  mph  and  2<£  a  mile. 
Half  the  population  is  permitted  to  distribute  itself  along  the  transit 
spines,  the  other  half  in  auto  territory.    As  a  result,  peak  densities 
are  greatly  diminished.    In  the  bottom  drawing,  only  the  auto  network 
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governs  the  population  distribution.    The  density  gradient  becomes  very 
flat,  but  some  clustering  toward  the  core,  where  the  accessibility  is 
still  greater  than  on  the  periphery,  is  retained.    This  would  only 
disappear  if  speeds  on  the  arterial  grid  were  increased  to  some  unreal- 
istic level  --  say  100  mph  --  so  that  no  square  mile  would  have  any 
access  advantage  over  another. 

The  drawings  approximate  actual  stages  in  the  history  of  large 

cities.    It  has  been  shown  that  central  city  densities  reflect  the  mode 

18 

of  intra-urban  travel  prevailing  at  the  time  they  were  built.  Big 

walk-only  cities  required  very  high  densities;  these  were  lowered  when 
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streetcars  opened  large  land  areas  for  development.       In  the  period 

from  1920  to  1970,  "secular  increases  in  automobile  ownership  have  had 

an  enormous  impact  on  land  use  patterns.    Together  with  increases  in  the 

urban  highway  system,  higher  levels  of  automobile  ownership  have  resulted 

in  substantial  reductions  in  the  density  of  incremental  development. 

Bus  and  rail  systems  have  played  a  much  smaller  role."    Nevertheless,  "a 

greater  rail  system  has  indeed  encouraged  higher  residential  densities, 

and  some  calculations  suggest  that  rail  has  had  a  substantial  impact. 

How  bus  systems  affect  densities  is  more  problematical.    Increased  bus 
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networks  might  have  encouraged  lower  density  rather  than  higher." 

Today,  the  question  is  what  happens  if  a  new  mode,  such  as  a 
modern  rapid  transit  line,  or  a  downtown  peoplemover,  is  introduced  into 
a  basically  auto-dominant  setting?    Here,  too,  theory  suggests  some 
answers.    "If  a  new  mode  is  added  to  the  system,  it  will  attract  trips 
from  its  neighboring  modes  but  will  also  increase  the  total  trips  gen- 
erated.   However,  the  closer  it  is  in  speed  and  cost  to  some  other  mode, 
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the  less  the  increment  of  trip  generation."      In  other  words,  induced 
trips  are  created  in  proportion  to  the  relative  advantage  that  the  new 
mode  holds  over  competing  modes.    To  the  extent  that  induced  trips  are 
created,  the  access  potential,  and  hence  the  development  potential  of  an 
entire  region  is  increased.    More  importantly,  of  course,  the  intra- 
regional  pattern  of  access  is  reallocated  with  the  shift  from  pre- 
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exi sting  modes  to  the  new  one.    Once  again  the  magnitude  of  this  shift 
depends  on  the  magnitude  of  the  relati ve  advantage  the  mode  offers  in 
terms  of  time,  cost  and  comfort. 

Empirical  studies  of  these  relationships  are  hindered  by  the 
difficulty  of  fine-tuning  the  measures  of  accessibility,  and  by  the 
difficulty  of  isolating  the  effect  of  transportation  improvements  from 
numerous  other  factors  that  influence  change  in  urban  development. 
Studies  of  the  impact  of  belt  freeways  indicate  that  shifts  in  accessi- 
bility which  these  facilities  caused  did  result  in  a  faster  population 
shift  to  the  suburbs,  greater  declines  in  downtown  retail  sales,  and 
faster  growth  of  peripheral  shopping  centers  than  was  the  case  in  cities 

without  them.    These  studies  also  suggest,  though  not  conclusively,  that 
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the  total  growth  rate  in  the  regions  with  the  added  access  was  higher. 

Nevertheless,  there  is  a  widespread  perception  that  additions 
to  the  transportation  system  within  a  region  have  no  measurable  effect 
on  its  aggregate  economic  activity.    This  divergence  between  theory  and 
empirical  findings  is  probably  due  to  the  fact  that  the  increases  in 
total  regional  accessibility  resulting  from  i ntra-regional  transporta- 
tion improvements  are,  in  the  aggregate,  quite  small.    If  one  assumes 
that  the  increase  in  total  accessibility  is  proportional  to  induced 
traffic,  then  the  case  of  BART  is  instructive.    In  1974,  15.5  percent  of 
its  riders  responded  that  they  "did  not  make  the  trip  before"  and  could 
thus  be  considered  induced.    Since  BART  carries  about  2  percent  of  all 
regional  trips,  the  induced  component  adds  at  most  0.3  percent  to  total 
trips  in  the  region  and,  by  inference,  to  regional  accessibility. 
Still,  such  an  increment  can  be  significant  if  it  is  narrowed  to  a 
particular  market  segment  (i.e.,  trips  to  educational  institutions, 
office  buildings,  or  restaurants),  or  confined  to  a  specific  place,  such 
as  downtown.    For  example,  an  increase  in  economic  activity  in  the 
Atlanta  region  as  a  whole  after  its  rapid  transit  system  opened  may  be 
hard  to  trace  statistically,  but  particular  headquarter  relocations  into 
its  downtown  from  other  cities  (such  as  Georgia-Pacific)  can  still  be  a 
tangible  result  of  the  new  access. 


-44- 


In  sum,  while  total  regional  accessibility  may  be  modestly 
enhanced,  the  main  effect  of  a  new  fixed  guideway  is  to  reallocate 
existing  accessibility,  thereby  altering  the  spatial  distribution  of 
urban  property  values  and  of  new  development.    This  effect,  too  is  only 
a  product  of  transportation-related  advantages,  such  as  savings  in  time, 
money  and  discomfort.    It  is  the  localized  travel  advantages  in  com- 
parison with  pre-existing  modes,  perceived  as  savings  by  travellers, 
that  tend  to  be  capitalized  (probably  not  fully,  but  with  some  consumer 
surplus  remaining)  in  increased  property  values  in  the  affected  area. 
Such  property  value  increases  are  not  an  extra  benefit  of  transit,  as  is 
sometimes  supposed  and  may  be  accompanied  by  relative  property  value 
declines  elsewhere.    They  are,  however,  an  index  of  how  much  the  transit 
improvement  is  worth  in  the  marketplace.    Moreover,  the  resulting 
intensification  of  land  use  can  lead  to  second-order  benefits,  such  as 
reduced  expenditures  for  streets,  sewers,  water  lines,  electricity,  gas 
and  telephone  connections,  and  related  savings  in  government  expenses  in 
other  parts  of  an  urban  area. 

Empirical  studies  of  the  impact  of  transportation  improvements 

on  land  value  vary  widely  in  quality.    One  of  the  more  rigorous  studies 
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(which  contains  an  analysis  of  the  voluminous  literature)  indicates 
that  land  values  in  Washington  do  indeed  rise  with  proximity  to  Metro- 
rail  stations,  and  are  also  influenced  by  the  opening  date  of  stations. 
However,  factors  unrelated  to  rail  transit  --  those  having  to  do  with 
population  composition  and  the  character  of  the  sites  --  have  a  much 
larger  impact  on  property  values  than  transit  access.    Several  studies 
of  the  Lindenwold  line  show  a  substantial  increase  in  property  values  -- 

up  to  a  $3,000  difference  in  sales  price  per  single  family  house  for 
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each  dollar  of  travel  savings  per  day. 

Increased  land  values  are  reflected  in  intensified  develop- 
ment.   At  the  suburban  end  of  the  line,  intensified  residential  devel- 
opment has  been  documented  on  the  Lindenwold  line  and  on  the  South  Shore 
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extension  in  Boston.       The  effect  of  BART  on  residential  development 
has  been  much  more  limited.    To  what  extent  suburban  rail  extensions  may 


-45- 


reallocate  residential  development  away  from  central  cities  is  a  question 
that  has  not  been  answered  conclusively.    Offsetting  forces  are  at  work 
which  may  make  this  effect  negligible. 

The  most  pronounced  impact  of  new  rapid  transit  lines  could  be 
expected  in  downtown  areas,  where  the  improvement  in  access  is  concen- 
trated, and  amplified  by  non-linear  agglomeration  effects.    In  Toronto, 
the  increment  of  growth  along  the  original  Yonge  Street  subway,  compared 
to  growth  in  the  rest  of  the  city,  was  enough  to  produce  more  than  $5 
million  in  annual  property  taxes,  compared  to  about  $4  million  in  annual 
carrying  charges  for  the  bonds  issued  for  construction.    In  Washington, 

ongoing  or  committed  private  development  in  various  ways  related  to 
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Metrorail  has  been  put  at  about  $3  billion  since  1976.       Figures  of 

this  nature  abound,  but  it  is  virtually  impossible  to  prove  to  what 

degree  such  development  is  in  fact  related  to  the  transit  improvement, 

how  much  of  it  would  have  occurred  anyway,  and  how  much  of  it  would  have 

occurred  elsewhere. 

Recent  growth  in  downtown  office  floorspace  in  25  major 

American  cities  is  shown  in  Exhibit  1.13,  and  related  to  the  presence  of 

rapid  transit.    Despite  the  heavy  concentration  of  office  growth  in 

Southern  and  Western  cities  in  general,  the  nine  cities  with  rapid 

transit  in  existence  or  under  construction  in  1975  do  average  roughly  a 

17  percent  greater  per  capita  increment  of  downtown  office  floorspace 
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than  the  remaining  cities.       Excluding  Newark,  N.J.  from  among  the  rail 
cities  raises  the  difference  to  30  percent.    Among  the  12  fastest- 
growing  downtowns,  half  had  rapid  transit  in  existence  or  under  construc- 
tion.   Undoubtedly,  the  relationship  is  circular  to  some  extent;  downtown 
office  growth  can  encourage  rapid  transit  construction  (as  in  Washington 
and  Atlanta),  as  much  as  the  presence  of  rapid  transit  may  encourage 
office  growth  (as  in  Boston,  New  York,  Chicago,  and  San  Francisco). 
Also,  in  the  absence  of  badly  needed  regionwide  floorspace  inventories 
it  is  impossible  to  tell  whether  the  growth  shown  in  Exhibit  1.13  was 
focused  on  the  downtown,  or  whether  it  was  merely  a  reflection  of 
regionwide  office  expansion. 
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Exhibit  1.13 

1970-75  Increase  in  Downtown  Office  Floorspace,  Square  Feet  Per  Capita  of  1972  Urbanized  Area  Population 
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An  overview  of  fixed  guideway  land  use  impacts  has  shown  that 

they  vary  widely  from  city  to  city  depending  on  a  variety  of  supporting 
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factors.       Principally,  there  must  be  exogenous  demand  for  development: 
if  no  new  construction  takes  place,  changed  accessibility  cannot  redis- 
tribute building  floorspace.    Furthermore,  there  must  be  favorable 
conditions  in  the  market  for  land  --  the  sites  that  are  made  more 
accessible  must  possess  additional  qualities  which  make  them  attractive 
to  developers,  including  ease  of  assembly,  and  favorable  neighborhood 
conditions.    Lastly,  public  policies  must  be  favorable  to  development, 
rather  than  frustrating  it  through  re-zoning  for  lower  densities,  as  has 
occurred  around  several  BART  stations. 

Overall,  the  land  use  impacts  of  fixed  guideway  investment 
cannot  be  viewed  as  deterministic,  in  the  same  way  as  time-savings, 
which  definitely  will  occur  if  fast  service  is  provided.    They  will 
occur  to  a  greater  or  lesser  degree,  depending  on  the  overall  economic 
climate  and  on  supporting  public  action. 

Because  the  access  advantage  alone  that  a  new  rapid  transit 
line  offers  in  an  auto-dominant  setting  is  often  insufficient  to  trigger 
large-scale  changes  in  land  use,  attention  has  increasingly  focused  on 
the  concept  of  joint  development,  which  involves  a  deliberate  effort  to 
place  large-scale  projects  adjacent  to  transit  facilities.    Close  public- 
private  coordination  of  financing,  design  and  construction  may  be  further 
aided  by  deals  related  to  such  things  as  air  rights,  zoning  incentives, 

land  assembly,  provision  of  added  public  facilities,  lease  agreements, 
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and  shared  responsibilities  for  operation.       Generally,  even  in  urban 
areas  with  a  slow  rate  of  growth  there  is  some  demand  for  high-rise 
condominiums,  retail  malls,  office  buildings  and  other  high-intensity 
forms  of  land  use.    If  left  to  locate  randomly  at  the  fringes  of  an 
urban  area,  their  city-building,  transit-supporting  and  resource-con- 
serving potential  is  dissipated.    "Joint  development"  seeks  to  provide 
incentives  for  location,  so  that  their  synergistic  relationship  with 
high-capacity  public  transit  is  reestablished. 
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Because  of  the  huge  passenger-carrying  capacity  of  rapid 
transit,  the  potential  development  a  line  can  support  is  very  large. 
For  example,  it  has  been  shown  that  one  peak  hour  subway  train  can  serve 
up  to  1  million  square  feet  (93,000m  )  of  office  floorspace  at  the 

downtown  end,  and  the  equivalent  of  4,000  to  6,000  housing  units  at  the 
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residential  end.       Conversely,  the  clustering  of  development  can  have  a 
strong  impact  on  transit  patronage.    Merely  clustering,  say,  2,000  apart- 
ments within  walking  distance  of  a  rapid  transit  station  at  a  moderate 
distance  from  a  moderate  size  downtown  and  at  an  existing  density  of  15 
dwellings  per  acre,  instead  of  spreading  them  evenly  across  a  square 
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mile,  can  add  nearly  a  carload  of  riders  a  day  to  the  transit  system. 

As  automobile  access  is  restrained  by  fuel  availability,  and  as  more 

effective  land  use  management  tools  come  into  use,  one  can  expect  that 

opportunities  such  as  these  will  be  increasingly  utilized.    Also,  as  new 

perceptions  about  the  effects  of  energy  costs  arise  in  the  real  estate 
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community,  they  will  be  increasingly  reflected  in  development. 
6.    Objectives  of  Building  New  Lines. 

Rail  originated  as  a  substitute  for  pavement.    Urban  rail 
systems  proliferated  because  they  eased  the  switch  from  animal  to  mech- 
anical traction  at  a  time  when  easily  portable  sources  of  power  were 
lacking,  and  because  they  enabled  train  operation.    Fixed  guideway 
transit  survived  and  is  growing  again  primarily  to  the  extent  that  it  is 
grade-separated  and  thus  avoids  surface  traffic.    These  lessons  from  the 
past  help  put  in  perspective  the  reasons  for  building  new  lines. 

In  a  world  with  millions  of  miles  of  smooth  pavement,  the 
four-fold  advantage  in  tractive  resistance  that  rail  offers  compared  to 
good  pavement  is  a  relatively  minor  consideration  in  passenger  trans- 
port.*   Vehicle  weight  per  passenger  place  is  much  more  important  for 


*The  tractive  resistance  of  steel  wheels  on  steel  rails  is  about 
2. 5kg/ ton  compared  to  10kg/ ton  for  rubber  wheels  on  concrete.  This 
difference,  however,  is  much  more  important  for  freight  transport,  where 
power  to  weight  ratios  are  lower,  and  railroads  operate  with  much  lower 
acceleration  and  flatter  grades  than  trucks. 
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energy  use,  and  in  this  respect  downsized  automobiles  are  getting  closer 
to  fixed  guideway  vehicles:  a  "mini -compact"  Honda  Civic  weighs  about  as 
much  per  passenger  place  as  the  BART  car  (some  185  kg);  a  "subcompact" 
VW  Rabbit  as  much  as  some  of  the  automated  peoplemover  vehicles  (210  kg) 
and  a  Dodge  Omni  as  much  as  the  DuWag  light  rail  vehicle  (245  kg).  An 
old  urban  bus  is  still  the  lightest  (150  kg  per  place);  new  buses  are 
heavier. 

Rising  costs  of  easily  portable  petroleum  fuels  may  make  some 
forms  of  fixed  or  semi -fixed  guideways  (such  as  trolleybus  wires)  more 
attractive  again  on  heavily  used  routes,  where  the  density  of  vehicles 
per  mile  of  route  is  such  that  the  sum  of  the  savings  on  each  vehicle 
outweighs  the  higher  per-mile  cost  of  the  route.    However,  new  forms  of 
portable  power  (such  as  flywheels  and  stored  hydrogen)  are  under  devel- 
opment and  may  enter  the  picture. 

Compared  to  free-wheeled  vehicles,  fixed  guideways  are  dis- 
tinguished by  a  simplicity  of  guidance  that  makes  it  easy  to  operate 
multi-vehicle  trains  and  thereby  to  achieve  very  high  passenger  capacity 
economically.    However,  in  the  "post-industrial"  urban  setting  the 
demand  for  high-volume  facilities  is  limited;  moderate  volumes  can  be 
served  by  single  vehicles,  especially  large  ones,  such  as  the  articu- 
lated or  the  double  deck  bus. 

This  leaves  grade  separation  --  or  "limited-access  transit"  by 
analogy  with  limited  access  highways  --  a  major  reason  for  fixed  guide- 
way  construction.    A  separate  right-of-way,  necessary  for  reliable  high- 
speed service,  is  the  key  to  transit  performance  in  competition  with  the 
automobile.    Such  a  right-of-way  is  also  the  major  item  of  capital  cost, 
regardless  of  whether  rail  cars,  buses  or  automated  cabins  operate  on 
it.    In  practice,  the  decision  often  swings  toward  rail  cars  in  prefer- 
ence to  buses  simply  if  there  is  a  community  requirement  for  downtown 
operation  in  tunnels.    Bus  tunnels  require  costly  ventilation  facilities, 
larger  station  areas  for  the  same  capacity,  and  cannot  adequately 
control  noise. 
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In  theory,  the  choice  among  different  types  of  hardware  is 
more  complex,  involving  a  variety  of  trade-offs  with  respect  to  cost  and 
quality  of  service.    Such  a  comparative  evaluation  can  be  carried  out 
only  in  a  site-specific  setting.    The  questions  to  be  answered  here  are 
more  general:  if  fully  or  partially  grade-separated  rail  facilities  are 
to  be  provided,  where  do  they  make  sense?    Where  do  they  fulfill  their 
avowed  objectives  in  comparison  with  pre-existing  conditions?    To  what 
degree  do  they  fulfill  their  objectives  in  different  settings?  Answer- 
ing these  questions  will  delineate  a  domain  in  which  fixed  guideways  are 
worthy  of  consideration  as  an  element  in  the  total  transportation  picture, 
without  specifying  what  combination  of  modes  is  "best." 

Overall,  the  objective  of  fixed  guideways  is  to  improve  the 
movement  of  people  in  tightly  settled  urban  areas,  and  to  do  so  in  an 
environmentally  and  esthetically  attractive  manner.    This  includes 
providing  better  quality  of  access  by  public  transportation  to  support 
existing  downtown  activities  and  offering  greater  public  transportation 
capacity  to  enable  future  downtown  growth. 

More  specifically,  the  objective  is  to  attain  a  variety  of 
benefits,  some  of  which  are  directly  transportation-related,  while 
others  are  indirect,  related  to  changes  in  land  use.    In  an  illustrative 
manner,  the  former  are  grouped  in  Exhibit  1.14  under  the  major  headings 
of  (1)  increasing  public  transit  ridership  by  reducing  user  costs,  (2) 
providing  travel  benefits  to  non-users,  (3)  reducing  unit  operating 
costs,  (4)  saving  energy  and  improving  the  environment,  and  (5)  enabling 
urban  reconstruction.    These  are  followed  by  a  listing  of  objectives 
that  may  be  fulfilled  indirectly,  as  a  result  of  urban  reconstruction 
toward  more  compact  form. 

1.     A  primary  transportation-related  objective  is  to  increase 
public  transit  ridership  by  reducing  user  costs.    The  users  typically 
include  (a)  former  users  of  transit,  predominantly  bus;  (b)  former  users 
of  autos  and  for-hire  vehicles  such  as  taxi  cabs;  (c)  induced  riders. 
The  former  group  benefits  mostly  from  reduced  travel  time  and  improved 
servi ce .    For  the  second  group,  good  service  is  essential  to  minimize 
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losses  in  travel  time  but  reduced  monetary  costs  tend  to  be  the  major 
net  benefits.    These  include  out-of-pocket  costs  of  operating  and  park- 
ing an  automobile,  of  renting  a  car  or  hiring  a  cab,  and  reduced  fixed 
costs  of  owning  an  auto  insofar  as  auto  ownership  is  reduced.    The  third 
group,  the  induced  riders,  did  not  find  it  worthwhile  to  make  trips  from 
their  present  origins  to  their  destinations  before  the  transportation 
improvement  was  made;  following  economic  theory,  the  average  benefit  of 

the  trip  to  them  is  assumed  at  half  the  value  of  the  riders  diverted 
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from  other  modes.       In  the  long  run,  a  fourth  group  may  appear,  riders 
generated  by  new  development. 

Free  from  the  impedance  of  surface  traffic,  a  reserved  guide- 
way  can  offer  gains  in  travel  time,  reliability  (reduced  variation  of 
travel  time),  and  ride  quality.    By  concentrating  the  travel  stream,  it 
can  offer  greater  off-peak  service  frequency  than  is  offered  by  an 
individual  bus  route.    Off-peak  service  increases  peak-period  travel  as 
well,  by  offering  greater  choice  in  the  timing  of  return  trips.  These 
advantages  tend  to  be  such  that  people  are  willing  to  travel  much  longer 
distances  to  reach  a  rapid  transit  or  commuter  rail  line  than  a  bus 
line.    Median  walking  distances  to  rail  stations  are  typically  two  to 
three  times  longer  than  to  bus  stops,  and  trips  by  mechanical  feeder 
modes,  even  longer,  despite  the  fact  that  the  negative  value  which 
people  attach  to  access  time  is  high. 

There  is  some  evidence  that  fixed  guideways  attract  more 

patronage  than  one  would  expect  on  the  basis  of  time  and  money  savings 

alone;  thus,  on  trans-Hudson  trips  in  New  Jersey,  corridors  with  rail 

service  divert  a  much  larger  share  of  total  traffic  from  autos  than 
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corridors  served  by  express  buses  alone.       Aside  from  ride  quality  and 
space  per  passenger,  social  acceptability,  simplicity  of  orientation, 
and  better  connectivity  among  different  parts  of  an  urban  area  probably 
contribute  to  greater  passenger  attraction.    The  very  image  of  a  perman- 
ent physical  presence  seems  to  play  a  role:    past  market  surveys  distin- 
guished "tangible"  facilities,  rail  and  trolley  bus,  from  "intangible" 
facilities,  which  were  assumed  to  inspire  less  patron  confidence. 
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A  high-quality,  all-day  service  is  able  to  serve  multiple 
markets ,  in  contrast  to  such  single-market  services  as  express  buses  or 
vanpools;  this  broadens  mobility  for  the  young,  the  old,  and  other 
transportation  disadvantaged.    The  high  capacity  of  fixed  guideways 
enables  them  to  handle  surge  loads  at  sports  stadiums  and  other  special 
events  with  relative  ease. 

2.  A  secondary  objective  is  to  offer  transportation  benefits 
to  non-users.    These  are  usually  taken  to  mean  reduced  congestion  costs 
to  truckers  and  motorists  remaining  on  highways.    In  fact,  such  benefits 
are  often  obscured  by  pent-up  highway  demand,  which  tends  to  quickly 
fill  the  available  highway  capacity.    The  true  magnitude  of  the  non-user 
benefits  becomes  apparent  in  a  negative  way,  in  the  congestion  that 
develops  when  a  transit  strike  or  some  other  breakdown  interrupts  rail 
service.    In  the  normal  course  of  events,  the  benefits  that  highway 
users  realize  appear  not  so  much  in  the  form  of  time  savings,  as  in  the 
form  of  changes  in  the  timing  (more  peak  hour  concentration)  and  in  the 
routing  of  trips.    In  addition,  a  fixed  guideway  has  an  option  value  to 
non-users,  being  present  in  case  it  is  needed,  such  as  during  a  fuel 
emergency. 

3.  Compared  to  a  system  using  largely  existing  streets  and 
freeways,  a  fixed  guideway  may  offer  several  operating  advantages.  High 
speed  allows  the  vehicle  to  produce  more  miles  of  service  per  hour,  thus 
using  labor  and  equipment  more  productively.    Grade  separation  increases 
the  reliability  of  service  and  makes  automated  operation  possible.  The 
larger  tributary  area  makes  it  possible  to  trade  coverage  for  greater 
density  of  service;  the  latter  facilitates  vehicle  operation  in  trains, 
further  reducing  labor  requirements.    To  the  extent  that  intersecting 
bus  lines  become  feeders  to  the  guideway  with  its  greater  passenger 
attraction,  their  utilization  may  be  improved.    All  of  this  tends  to 
translate  into  lower  unit  operating  costs  for  the  transit  agency;  its 
total  operating  costs  of  course  are  likely  to  rise,  simply  because  the 
combined  rail -bus  system  will  serve  more  passengers. 
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4.  Energy  conservation  and  environmental  objectives  can 
obviously  be  pursued  in  a  variety  of  ways  that  are  more  direct  than 
building  fixed  guideways.  Smaller  automobiles  and  restraints  on  auto  use 
are  the  most  salient  examples.    The  point  to  be  made  here  is  that  a 
shift  in  travel  toward  rapid  transit  or  light  rail  can  result  in  still 
further  savings,  whose  magnitude  will  depend  on  how  much  auto  travel  is 
diverted  and  how  much  the  fixed  guideway  is  used.    In  particular,  signi- 
ficant savings  can  result  from  autos  no  longer  owned  because  of  the 
presence  of  the  fixed  guideway.    Besides,  a  shift  in  travel  toward 
electrically  propelled  modes  may  shift  energy  consumption  from  petroleum 
to  local  sources. 

With  respect  to  the  quality  of  the  environment,  electrically 
propelled  systems  attain  the  objectives  of  removing  the  source  of  pollu- 
tion from  the  passenger,  of  eliminating  odor,  reducing  noise  and  vibra- 
tion, and  enabling  service  in  tunnels  without  costly  ventilation.  The 
extent  to  which  total  emissions  into  the  environment  are  reduced  depends 
on  the  magnitude  of  auto  diversion  to  the  fixed  guideway,  as  well  as  on 
the  energy  sources  used  and  the  pollution  control  devices  installed  at 
electric  power  plants. 

5.  Last  but  not  least,  fixed  guideway  construction  pursues  a 
number  of  urban  design  objectives,  notably  reducing  existing  and  prospec- 
tive land  requirements  for  transportation,  (such  as  urban  freeways  and 
downtown  parking),  protecting  surrounding  development  from  the  negative 
effects  of  transportation  by  means  of  tunnels  and  other  forms  of  grade 
separation,  and  offering  the  opportunity  to  build  a  variety  of  pedes- 
trian-oriented urban  spaces,  including  grade-separated  passageways, 
sunken  plazas,  multi-level  concourses,  traffic-free  squares  and  malls. 

By  providing  a  large  margin  of  reserve  capacity,  fixed  guideways  are  an 
enabling  investment  for  future  restraints  on  auto  use  and  for  urban 
reconstruction.    The  fact  that  the  investment  is  not  "flexible",  but 
permanent,  is  part  of  the  objective  of  obtaining  long-term  land  use 
commi  tments . 
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As  indicated  earlier,  urban  reconstruction  cannot  be  viewed  as 
an  automatic  response  to  the  provision  of  fixed  guideway  transit:  it  may 
or  may  not  occur  depending  on  a  variety  of  exogenous  forces.  Still,  its 
objectives  are  worth  recalling  briefly. 

1.  Economic  objectives.    Business  can  be  drawn  into  the  central 
cities  with  an  expanded  labor  market  opened  by  radial  guideway  lines, 
and  the  volume  of  transactions  within  the  Central  Business  District  can 
be  increased  by  improved  internal  circulation;  business  productivity  may 
be  enhanced  by  encouraging  economies  of  agglomeration. 

2.  Social  equity  objectives.    The  increased  economic  activity 
downtown,  close  to  areas  of  concentrated  underemployment,  can  provide 
additional  job  opportunities  for  the  underprivileged;  their  number  will 
depend  on  the  skill  composition  of  the  new  downtown  employment.  An 
active  downtown  with  close  ties  to  suburban  areas  will  tend  to  relieve 
segregation  by  race,  class  and  age  at  least  within  the  daytime  activity 
environment,  and  possibly  in  some  nearby  residential  areas  as  well. 
Increased  center  city  activity  may  also  encourage  a  pluralism  of  life- 
styles, making  the  alternative  to  an  auto-oriented  way  of  life  more 
attractive. 

3.  Resource  conservation  objectives.    Compact  urban  environments 
can  save  energy  in  five  ways:  (a)  by  shifting  more  travel  to  public 
transportation  and  to  movement  on  foot;  (b)  by  reducing  the  total  amount 
of  travel;  (c)  by  reducing  energy  requirements  in  buildings  due  to  fewer 
exposed  surfaces,  (d)  by  shifting  consumption  patterns  of  residents  from 
energy-intensive  goods  to  less  energy-intensive  services;  (e)  by  offering 
opportunities  for  more  efficient  methods  of  energy  supply  (co-gener- 
ation, district  heating)  and  resource  recovery.    Other  resource  savings 
resulting  from  center  city  as  opposed  to  fringe  development  include 
water,  farmland,  natural  open  space,  as  well  as  a  variety  of  metals  and 
other  materials  required  to  satisfy  suburban  consumption  patterns, 
oriented  toward  durable  goods. 

4.  Fiscal  objectives.    In  the  long  run,  savings  to  government  and 
to  public  utilities  may  accrue  as  a  result  of  increased  central  city 
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activity,  reflected  in  lower  costs  for  social  services  in  formerly 
blighted  areas,  reduced  parking  subsidies,  and  reduced  costs  for  in- 
frastructure elsewhere  in  an  urban  region. 

5.     Cultural  objectives.    Electronic  aids  and  the  value  of  sec- 
lusion notwithstanding,  cultural  activities  strongly  depend  on  face-to- 
face  contact  and  continue  to  require  the  support  of  compact  urban  envi- 
ronments.   To  the  extent  the  consumption  of  physical  resources  is 
constrained,  the  consumption  of  basically  unlimited  cultural  resources 
is  bound  to  grow  in  importance. 

In  the  reality  of  political  life,  the  process  of  fixed  guide- 
way  construction  itself  may  be  viewed  as  a  major  objective,  since  it 
infuses  money  and  jobs  into  a  local  economy  for  a  period.    This,  however, 
is  not  a  benefit  in  the  strict  economic  sense  of  the  term,  if  without 
the  project  the  money  would  have  been  spent  to  create  other  jobs.  Only 
insofar  as  otherwise  unemployed  resources  are  put  to  work  is  the  true 
economic  cost  of  the  project  lower  than  the  contract  price. 

7.    Evaluating  the  Attainment  of  Objectives. 

To  what  degree  a  fixed  guideway  in  a  specific  urban  corridor 
can  actually  attain  these  objectives,  depends  on  a  variety  of  factors. 
Thus  the  magnitude  of  time  savings  to  users  will  depend  on  the  speeds 
prevailing  on  existing  streets  and  freeways,  guideway  layout  and  on 
local  travel  patterns.    The  attainment  of  labor  economies  will  be  in- 
fluenced by  the  ability  to  reach  appropriate  agreements  with  labor 
unions.    The  attainment  of  environmental  objectives  will  be  affected  by 
the  physical  characteristics  of  the  system  itself  (e.g.,  its  noise 
abatement  features),  and  of  the  power  plant  that  feeds  it  (e.g.,  the 
degree  of  emission  control).    Dependability  of  the  system  will  reflect 
the  mechanical  reliability  of  its  rolling  stock  --  a  problem  that  unex- 
pectedly surfaced  in  the  space  age.    Provision  of  pedestrian  amenities 
will  be  affected  by  agreements  with  abutting  real  estate  developers  and 


-56- 


x 
o 


QJ 

"2 

'5 

a 

■a 

jj 

X 


O 
> 

03 

E 
E 

3 

<tf  CO 
T~.  OS 

r-  > 

-c  5 

X  .3 
LU  = 


8 


c 

'5 

3 

■a 

QJ 

> 

XI 

a 


XI 
3 

a 

cn 
c 


X! 


£1 
O 

"D 
aj 


O 


> 

._  OJ 

XI  Cn 

O  to 

E  c 

03  03 
Qj 


4->  0)    O)  "° 


O)  O 


c 
E  x 


■o 

_3 

U 

c 


5  as?  « 

o 
c 


>  3 

.3  o- 


OJ 


a  -a 
a  c 

CD  CO 
M-  OJ 
i3  O 

<->  on 

to  2 

"D  Q. 
C  _ 

CO  CO 

v,  .y 

OJ  £ 

CL  Q. 

-o  c 

OJ  OJ 


oo  o 

OJ  co 

c 

to  2 

e  r 


2| 
a  - 


E  ° 

3  "3 

E  co 

OJ 

£  5 

OJ  O 

00 

O 

-t— '  3 

il 


^  OJ  ■ 
+->  ._ 

>  £ 

'■H  CO 

o 

a>  co 
3 

3  "O 

O  C 

O  co 

0)  oo 

re 

CO  CO 

-a  x> 

OJ  OJ 

>  o 

O  3 
3.  aj 

E  oc 


cn  x  ._•  — i 


_•  E 


2  3 


£2  O 

OJ  d 

3  > 

QJ 
C 

o 
E 


ro        >  X 

oj  5>  ro 
c  ■-  c 
E     x  co 

t-        o  ^_ 

O  0)  ^  0) 
to  3    «  £ 

■5  °  a 
coE 

TO    C  co 

i=  <*  £ 

2  3 


OJ  OJ 


E 
o 

M —  -»— 

o  9 


CO  .  _ 

3  X  g 

.E  J5  o 

E  cn  O 

co  3 

01  '<»  CO 

OJ  -j  ™ 


§  TO 


OO 


3  .E 


cn  3 
3  O 


V  OO 
CO  (J 

^TJTJ 

>  m  cj 

—  o  o 

to    3  3 

O  D  3 

C3    CD  OJ 


3  5^ 

^  -o  "33 

CO    >_  C  > 

O  OJ  .3  co 


TO  QJ 

">  cj 

OJ  3 

E  -o 

•  —  OJ  , 

I—  oc  -3.  cc  oc  -o  co  -o 


3  i- 
1  > 

CO  — 


QJ 
00 
3 
3 


QJ 
C 
QJ 
X 


c 

jo 

> 
o 

a. 

c\i 


- 
c 

3 

c 

Tj" 

c 

co 


cn 

c 

00 

c 
o 

X 

u 


3  c 

•~  o 

>  3 

_  o 


x  3 

^  TO 
> 

■w  O 
TO  \p 

2  a 
C3  O 


3 

X' 
cn 
c 


'co  Q. 

5  E 


cj  "O  s- 


co  X  cj 


"D    OJ  M- 


3 

c 
o 


CO 

00 

00  cn 
O  3 
.— 

CO  TO 


CO  O 

cn  cj 
3  rn 


aj 

3  0 
co  X* 


3 


QJ 

a 

o 

'c 

3 

cn 

c 
'6 

3 
-a 


cr 
3 


CL-- 
O  O 

^1 


cn 
3 


a 
E 

3 

ro 

> 
cn 

QJ 
3 
aj 
cn 
c 


c/5 


to  +r; 

3  8 

E  o 

O  cn 
<->  3 

00  •  r; 

3  £ 
•-  QJ 

1  & 

O  Q> 
XI  X 

to  ±; 
_j  o 

CO  X! 


3 

c 

> 

cn 
i_ 

0} 

c 

QJ 

E 
- 


—  'Z,  co 
O    3  XI 

t.  —  o 


aj  o 
a  o. 
3  t 

O  'co 

C  TJ 

O  aj 
o 

^  3 

^3  "O 

X  0) 

00  CC 


OJ  CO 
3 

O  °2 

3  > 

■D  "O 

oj  aj 

o  cj 

3  3 

■a  -o 

QJ  QJ 

CC  DC 


> 
c 


o  q._ 

+->     _  QJ 

^  h  > 


E  - 

s  I 

TO  E 


cn 
C 


co 


>  !r2 
cn  3 

■- 
.E  E 


c 

Q 

CJ 
3 
TJ 

u 

—  "3 

TO  J 

|i 

O  o 

I « 

O  cn 

co  © 
3  O 

>  C 

CO  ^ 
on  O 

TO 

OJ  -Q 

3  c 
LU  co 


cn 
C 


3 

LU 


3 

3 

3 

to 

CO 

cu 

wth 

spac 

way 

0 

QJ 

3 

3 

5 

CO 

OJ 

tri 

3 

a 

5 

00 

OJ 

0 

3 

— 

pe 

^0 

0 

3 

4- 

3 

Qj 

> 

CT; 

acit 

des 

inc 

3 

- 

00 

ro 

CO 

CJ 

X 

3 

OJ 

ion 

3 

em 

O 

> 

rta 

00 

OJ 

00 
t— 

0 
ci 

c 

> 

E 

a 

0; 

00 

c 

3 

3 

QJ 

CU 

> 

CO 

U 

X' 

c 

0-1 

> 

'3 

CO 

4— 

3 

> 

-5 

3 

£ 

CO 

to 

Ame 

E 

Re 

au 

CO 

o 

T3 


C 


■o 
c 


o 

a  'c 
00   .  i- 

3  cj  O 
co  *3  cj 

!_  "O 

i_    OJ  OJ 

O  "3  t) 
^   E  oj 

2  3  -q3 

C  "3  co 
OJ    OJ  q 

E  oj  "_ 

OJ  >  > 
s_    O  ^ 

3  0  EE 

OJ    3  "oo 
3  00 
■n  *j  0) 

c  c  u 

TO  ^ 


X  "3 

o>  55 


CJ  OJ 

3  X 
•3 

QJ  o 

cc  ±, 


X 

o 


3 


o 
O 
W3 


3 

O 

u 

QJ 

C 

CO 
X! 


X! 

o 


>     .s:  oj 

£    -  x? 

E  o 

S  2 


3 

o 


X 

o 


T5 
3 


X 
O 


E 
o 
c 
o 
u 

LU 


X 

o 

3 

o 


3 

O 

GO 

03 

CC 


-57- 


i magi  native  design,  and  the  growth  potential  of  a  central  city  will 
depend  on  its  role  in  the  national  economy. 

One  can  think  of  criteria  for  investment  in  new  lines  related 
to  each  of  these  factors;  for  example,  preference  might  be  given  to 
cities  that  have  stable  labor  relations,  choose  reliable  rolling  stock, 
have  clean  powerplants,  firm  land  use  controls  that  encourage  concen- 
trated development,  no  plans  for  freeway  expansion  and  a  potential  for 
economic  growth.    This  would  improve  the  likelihood  that  the  various 
objectives  are,  in  fact,  attained;  but  this  does  not  answer  the  question 
whether  the  investment  is  justified  to  begin  with,  whether  it  is  in 
scale  with  local  travel  needs. 

One  might  try  to  apply  traditional  benefit-cost  analysis, 

assigning  monetary  values  to  each  separate  benefit  item,  as  has  in  fact 
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been  done.    Typically,  the  results  have  been  erratic.       This  is  not 
surprising;  Exhibit  1.14  reveals  that  half  of  the  30  benefit  items 
listed  are  difficult  to  measure  in  dollars;  monetary  values  assigned  to 
them  will  of  necessity  be  arbitrary.    Moreover,  even  items  that  seem 
easily  quantified  are  not  that  easily  translated  into  money  terms. 

One  example  is  the  cost  of  time,  the  dominant  component  of  any 
"user  benefit"  calculation.    The  monetary  values  people  place  on  saving 
time  vary  over  a  broad  range  depending  not  only  on  trip  purpose,  time  of 
day,  the  travel  environment  and  the  income  of  the  user,  but  also  on  the 
external  yardsticks  against  which  the  value  of  time  is  measured,  such  as 
auto  costs  and  transit  fares.    A  fare  increase  will  create  the  impres- 
sion of  an  increase  in  the  value  of  time  that  is  almost  (though  not 
quite)  as  high.    For  simplicity  of  measurement,  qualitative  aspects  of  a 
trip  are  usually  lumped  in  with  its  time  savings;  in  reality,  the  time 
savings  may  not  deserve  the  prominence  they  receive  in  "user  benefit" 
calculations.    More  direct  yardsticks,  such  as  increases  in  ridership  as 
a  result  of  travel  improvements,  can  be  a  better  indicator  of  "user 
benefits."  v 

Another  example  is  accident  costs.  Basically,  their  monetary 
value  is  included  in  auto  and  transit  operating  costs,  where  it  appears 
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as  liability  insurance.    Such  insurance  is  a  small  item  in  the  rapid 
transit  operating  budget  (typically  less  than  2  percent  or  0.2<£  per 
passenger-mile  in  1977  prices),  but  it  looms  large  in  the  cost  of  owning 
and  operating  an  auto  in  an  urban  area;  per  passenger-mile,  the  dif- 
ference in  accident  cost  measured  this  way  is  about  10-fold.    A  similar 
advantage  of  both  rapid  transit  and  bus  compared  to  the  urban  auto  can 
be  seen  in  vehicle  occupant  fatalities  per  billion  passenger-miles: 
these  numbered  0.7  for  rapid  transit  and  urban  bus  in  1975,  compared  to 
6.4  for  urban  autos  in  the  United  States  (the  occupant  fatality  rate  for 
autos  on  rural  roads  was  18.6).    However,  if  one  looks  at  total  fatalities 
on  a  system  --  including  pedestrians,  bicyclists,  motorcyclists  as  well 
as,  in  the  case  of  rail  transit,  persons  falling  between  cars,  employees, 
trespassers,  murder  victims  and  probable  suicides  --  the  safety  advantage 
of  the  transit  modes  shrinks.  The  total  fatality  rate  becomes  5.3  for 
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rapid  transit  and  5.7  for  urban  buses,  compared  to  12.6  for  urban  autos. 
The  fact  that  transit  operates  in  a  dense  and  complex  human  environment 
takes  its  toll.    The  difference  shrinks  further  if  only  daytime  fatalities 
are  compared.    Depending  on  the  index  one  chooses  one  can  argue  that 
transit  is  twice  as  safe,  or  that  it  is  ten  times  as  safe  as  auto; 
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"intermodal  safety  comparisons  are  surprisingly  difficult  to  make." 

Attempting  to  develop  any  value  such  as  the  "full  cost"  of  a 
mode,  or  its  "total  benefit"  can  easily  obscure,  rather  than  illuminate 
analysis  because  of  the  multiplicity  of  hidden  assumptions  that  have  to 
be  made.    Instead,  the  evaluation  approach  chosen  here  is  first  of  all 
discrete,  dealing  with  a  few  selected  objectives  one  at  a  time.  Second, 
the  approach  seeks  to  stay  away  from  monetary  measures  as  long  as  possible, 
focusing  instead  on  physical  quantities,  such  as  space,  time,  labor, 
energy  and  land.    One  can  always  attach  to  these  quantities  any  desirable 
set  of  prices,  if  one  wishes.    Third,  the  approach  concentrates  on  the 
easily  measurable  transportation-related  objectives.    This  is  not  to 
deny  the  importance  of  land  use  impacts,  which  have  been  sufficiently 
emphasized.    Rather,  it  is  to  recognize  that  these  impacts  are  not 
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easily  predictable;  when  they  do  occur,  they  are  related  to  improved 
access ,  meaning  the  provision  of  transportation-related  benefits. 

The  one  factor  that  is  both  an  indicator  of  transportation- 
related  benefits  and  is  reasonably  predictable  is  travel  volume. 
Whether  a  fixed  guideway  can  in  fact  attain  the  enumerated  objectives, 
and  to  what  degree,  depends  in  large  measure  on  its  travel  volume. 
Because  a  major  part  of  the  costs  of  a  fixed  guideway  is  fixed,  at  low 
travel  volume,  its  cost  per  unit  of  service  tends  to  be  high  measured  in 
labor,  energy,  land,  capital,  or  passenger  waiting  time.    As  travel 
volume  increases,  all  of  these  costs  decrease.    At  some  point,  as  volume 
rises,  the  unit  costs  of  fixed  guideway  service  become  lower  than  those 
of  the  pre-existing  mix  of  free-wheeled  vehicle  modes.    Those  costs  tend 
to  rise  with  rising  demand,  mainly  due  to  congestion.    At  that  point, 
the  fixed  guideway  mode  starts  fulfilling  its  objectives. 

The  task  then  is  to  portray  the  functions  that  relate  each  of 
the  various  resource  costs  of  fixed  guideway  service  to  travel  volume. 
Once  that  is  done,  one  can  pick  any  number  of  benchmarks  along  these 
functions  as  criteria  or  warrants.    Based  on  this  reasoning,  five  volume- 
related  criteria  for  the  deployment  of  fixed  guideways  are  suggested: 

1.  Possibility  of  attaining  adequate  passenger  space  and  service  frequency; 

2.  Possibility  of  attaining  labor  savings  compared  to  bus  operations; 

3.  Possibility  of  saving  energy  compared  to  modes  previously  used; 

4.  Possibility  of  attaining  land  savings  compared  to  modes  previously  used; 

5 .  Level  of  investment  per  unit  of  service  provided. 

Because  the  first  four  ways  of  scaling  the  traffic  volume  at 
which  construction  of  a  fixed  guideway  may  be  justified  are  only  partial 
reflections  of  the  objectives  illustrated  in  Exhibit  1.14,  the  fifth 
criterion  is  meant  to  be  a  more  inclusive  measure  of  cost-effectiveness. 
The  issue  of  travel  time  savings  --  possibly  overrated  in  the  past,  but 
still  very  important  --  is  not  dealt  with  directly.    This  is  so  because 
the  simplified  procedures  used  for  estimating  potential  travel  volumes 
at  an  aggregate  level  for  numerous  urban  areas  bypass  the  step  of 
simulating  travel  networks  along  which  travel  times  can  be  measured. 
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The  influence  of  differences  in  speed  between  the  pre-existing  system 
and  new  lines  on  potential  demand  is  treated  exogenously  in  the  con- 
cluding chapter.    The  decisive  influence  of  speed  on  operating  per- 
formance is  highlighted  earlier. 

Lastly,  one  might  reiterate  that  the  basis  for  comparisons  is 
the  status  quo.    No  attempt  is  made  to  project  future  development,  or 
changes  in  the  availability  of  travel  modes,  such  as  may  result  from 
reduced  supply  of  gasoline.    Comparison  of  alternative  systems  is  not 
attempted,  except  by  way  of  illustration,  or  when  one  of  the  modes 
analyzed,  such  as  light  rail,  may  meet  certain  criteria  in  one  city, 
whereas  another  one,  such  as  rapid  transit,  may  not.    No  comparisons  are 
attempted  where  both  meet  the  criteria. 

Still,  the  methodology  developed  here  is  designed  to  be  of  use 

39 

in  comparative  studies  of  alternatives  at  specific  sites.  Such 
studies  need  cost-volume  functions  such  as  are  provided  here  for  rapid 
transit  and  light  rail  and,  in  a  more  sketchy  manner,  for  automated 
peoplemovers.    They  need  a  common  data  base,  and  comparisons  with  the 
performance  of  existing  systems,  which  this  study  provides.  Other 
studies  will  have  to  develop  comparable  functions  for  other  modes,  such 
as  commuter  rail,  express  bus  on  grade  separated  guideway,  or  high- 
frequency  bus  service  on  existing  streets  and  freeways,  expedited  by 
auto  restraints.    Only  after  such  studies  are  done  will  one  be  able  to 
say  conclusively  whether,  for  example,  a  bus-only  system  can  be  designed 
that  will  attain  the  same  passenger  attraction,  the  same  reduction  in 
auto  ownership,  and  the  same  support  for  a  downtown  as  a  combined  fixed 
guideway  and  bus  system,  but  at  a  lower  cost  in  the  range  of  volumes 
that  are  suggested  here  for  fixed  guideway  transit.    All  one  can  say  at 
this  point  is  that  bus-only  systems  seem  indicated  for  those  cities 

where  fixed  guideway  systems  fail  to  meet  the  criteria  developed  here. 
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Clearly,  there  is  a  band  of  cities  where  either  approach  is  workable. 
Neither  delineating  this  band,  nor  deciding  which  is  preferable  when 
both  are  workable  is  within  the  scope  of  this  book. 
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With  this  background  in  mind,  Chapter  II  is  devoted  to  showing 
how  the  selected  costs  of  waiting  time,  labor,  energy,  land  and  capital 
vary  with  travel  volume;  it  concludes  by  presenting  a  set  of  threshold 
criteria  for  each  of  these.    In  Chapter  III,  potential  travel  volumes  in 
urban  corridors  are  estimated  first  as  a  function  of  total  population, 
its  density  distribution,  the  geographic  shape  of  the  urban  area  and 
downtown  size.    Then  the  share  of  corridor  traffic  that  might  be  attracted 
to  a  fixed  guideway  is  estimated.    Lastly,  Chapter  IV  assigns  the  poten- 
tial travel  volumes  to  hypothetical  routes,  scales  them  against  the 
criteria  presented  in  Chapter  II,  and  concludes  with  a  discussion  of  the 
overall  potential  for  fixed  guideways  in  29  of  the  larger  cities  in  the 
United  States. 
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CHAPTER  II.    OPERATING  PERFORMANCE 

1.    Passenger  Space  and  Service  Frequency. 

A  "desirable"  range  of  passenger  volumes  on  a  fixed  guideway 
has  an  upper  and  a  lower  limit  based  on  service  quality  alone.  Very 
high  volumes  may  mean  insufficient  space  per  passenger  and  result  in 
overcrowding.    Very  low  volumes  may  mean  insufficient  service  frequency 
and  result  in  excessive  waiting  time.    To  develop  volume-related  criteria 
for  new  guideways,  these  service-related  limits  first  need  to  be  explored. 

Passenger  space  standards  are  best  defined  by  the  type  of 

behavior  that  a  given  amount  of  space  allows.    Unencumbered,  reclining 

seating  for  every  passenger  --  offered  by  two-and-two  seats  in  a  rail- 

2 

road  car  --  requires  about  11  square  feet  (1.0  m  )  per  passenger  includ- 
ing aisle  space  and  non-passenger  compartments.    Justified  for  long 
trips,  this  amount  of  room  is  comparable  to  that  of  a  large  auto  or  a 
first-class  seat  in  an  airplane,  but  is  more  spacious  than  necessary  for 
short  urban  transit  trips. 

For  a  tighter,  but  still  comfortable  seat  (such  as  three-and- 

two  seating  in  a  railroad  car  or  a  coach  seat  in  an  airplane)  a  net 

2 

space  of  close  to  5.0  square  feet  (0.46  m  )  is  required.    This  is  also 
the  minimum  that  standees  select  voluntarily,  for  example  when  they  wait 
in  a  group  for  a  traffic  light:    they  do  not  touch  each  other  and  circu- 
lation through  the  group  is  possible.'''    With  typical  vehicle  designs 

shown  in  Table  A-5,  such  net  interior  area  represents  about  5.4  square 
2 

feet  (0.5  m  )  of  gross  vehicle  area  measured  by  outside  dimensions. 

To  visualize  the  level  of  comfort  such  a  space  standard 
allows,  one  may  note  that  many  transit  vehicles,  ranging  from  the  small 
IRT  cars  to  the  large  R-46  cars  in  New  York  and  from  the  Edmonton  light 
rail  to  the  Dallas-Ft.  Worth  Airtrans  peoplemover  cars,  give  seats  to 

2 

about  half  the  riders  if  filled  at  the  rate  of  5.4  square  feet  (0.5  m  ) 
of  gross  floor  area  per  person.    With  tighter  seat  configurations,  65  to 
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80  percent  can  be  seated.*    On  a  transit  bus  with  49  seats,  this  amount 

2 

of  room  allows  12  standees,  a  desirable  comfort  level  for  local  trips. 

2 

In  all  subsequent  discussion,  5.4  square  feet  (0.5  m  )  of  gross  vehicle 
floor  area  is  treated  as  a  basic  unit  of  comfortable  capacity,  a  pas- 
senger "place,"  and  vehicle  output  is  measured  in  identical  "place- 
miles"  (vehicle-miles  multiplied  by  places  per  vehicle). 

The  lower  limit  of  gross  floor  area  necessary  for  either  a 

seat,  or  for  standing  with  some  freedom  of  action  (such  as  the  ability 

2 

to  read  a  newspaper)  Js  around  3.75  square  feet  (0.35  m  ).  Sitting 
passengers  unavoidably  touch  each  other  and  standing  room  is  tight,  but 

this  standard  has  been  used  to  calculate  a  "normal  design  load"  by 

3 

several  agencies.  With  sparse  seating,  about  one-third,  and  with  dense 
seating,  up  to  half  the  passengers  can  be  seated. 

Pressed  together  with  no  ability  to  move,  standees  can  occupy 

2 

as  little  as  2.15  square  feet  (0.2  m  )  of  gross  vehicle  floor  area  per 
person  --  the  least  amount  of  space  that  is  occasionally  accepted  by 
North  American  passengers  for  a  brief  ride  in  an  elevator  where  little 
internal  circulation  is  necessary  when  stops  are  approached.**    This  is 
roughly  the  figure  used  by  transit  agencies  to  calculate  "maximum  prac- 
tical" peak  hour  capacity  or  "crush"  load.    Encountered  on  overloaded 

4 

systems  from  Moscow  to  Sao  Paulo,  and  before  1960  in  New  York  as  well, 

this  has  been  characterized  as  "level  of  service  F,"  a  completely  un- 

5 

acceptable  degree  of  congestion.      Four  service  levels  are  suggested 


*A  single  standard  of  gross  floor  area  may  not  compare  particular 
vehicles  with  dissimilar  seating  and  non-passenger  compartment  arrange- 
ments accurately.    In  these  cases,  a  separate  analysis  of  interior 
sitting  and  standing  space  is  called  for.    In  the  aggregate,  however, 
the  refinement  is  minor  and  is  not  used  in  this  book  due  to  the  large 
variety  of  interior  vehicle  layouts. 

**With  passengers  hanging  over  its  sides,  the  San  Francisco  cable 
car  is  reputed  to  h|ve  occasionally  attained  space  allocations  as  low  as 
1.6  sq.  ft.  (0.15  m  )  per  passenger. 
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here:    "ample    (1  m  /  passenger),  "adequate"  (0.5  m  /passenger),  "toler- 

2 

able  with  difficulty"  (0.35  m  /passenger),  and  "totally  intolerable" 

2 

(0.2m  /passenger) . 

All  of  these  values  are  averages  and  as  such,  are  rarely 
encountered  in  real  life.    In  reality,  passenger  volumes  are  unequally 
distributed  within  the  peak  hour  (the  peak  20-minute  average  is  consid- 
erably higher  than  the  peak  hourly  average),  and  passengers  are  un- 
equally distributed  among  cars  on  a  train  (the  middle  cars  tend  to  be 

more  heavily  loaded  than  the  end  cars).    As  a  result,  even  a  seemingly 

2 

adequate  standard  of  5.4  sq.  ft.  (0.5  m  )  of  gross  floorspace  per  person 

on  the  average  between  8  a.m.  and  9  a.m.  will  offer  substantially  less 

room  to  some  passengers  during  some  part  of  the  peak  hour. 

Empirically,  more  than  half  of  the  rail  tracks  entering 

North  American  downtowns  do  in  fact  meet  this  standard.    Trains  on 

38  out  of  the  65  entryways  did  provide  a  space  of  more  than  5.4  sq. 
2 

ft.  (0.5  m  )  per  passenger  between  8  and  9  a.m.  in  1976-80.    This  is 
shown  graphically  in  Exhibit  2.1,  based  on  Table  A-4.    With  one  minor 
exception,  every  rapid  transit  or  light  rail  track  entering  the  down- 
towns of  Chicago,  Philadelphia,  Washington,  San  Francisco,  Newark, 
Atlanta,  and  Edmonton  met  this  standard.    In  New  York,  however,  only 
four  of  the  18  NYCTA  tracks  entering  the  Manhattan  Central  Business 
District  conformed  to  this  standard;  of  the  two  PATH  tracks,  one  con- 
formed while  the  other  nearly  did. 

Of  the  27  tracks  which  provided  less  than  5.4  square  feet  (0.5 

2 

m  )  per  passenger,  15  were  in  New  York  City;  most  of  the  remaining  12 

were  in  Toronto,  Montreal  and  Boston,  with  Cleveland  and  Pittsburgh  also 

2 

represented.    The  "rock-bottom"  standard  of  3.75  square  feet  (0.35  m  ) 
was  not  met  by  5  tracks  in  New  York,  2  in  Montreal  and  1  in  Boston. 

The  lines  experiencing  crowding  are  distributed  over  the  full 
range  of  passenger  volumes;  quite  a  few  lightly  travelled  lines  are 
nevertheless  crowded.    Only  six  tracks  are  incapable  of  providing  5.4 
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square  feet  (0.5  m  )  of  gross  vehicle  floorspace  per  passenger  with 
present-day  loads  even  if  maximum  service  were  offered.    In  New  York, 
these  are  the  53rd  Street  Queens  IND,  the  Flushing  line  I RT ,  the  Lex- 
ington Avenue  IRT  express  and  local,  and  the  Broadway  IRT  express.  In 
Montreal,  it  is  the  Rue  Berri  subway.    Construction  of  the  63rd  Street 
tunnel  and  of  the  deferred  Second  Avenue  subway  in  New  York  has  been 
aimed  at  relieving  the  former  five;  in  Montreal,  what  amounts  to  an 
additional  north-south  line  is  to  be  provided  as  a  part  of  an  expanded 
commuter  rail  network. 

The  low  space  allocations  on  the  remaining  21  lines  do  not 
reflect  physical  limitations  but  rather  a  policy  aimed  merely  at  re- 
ducing operating  costs.    A  more  generous  policy,  practiced  by  the 
majority  of  the  operators,  if  applied  in  New  York,  Montreal,  Boston  and 
Cleveland  would  result  in  92  percent  instead  of  58  percent  of  the  down- 
town rail  corridors  providing  floorspace  per  passenger  with  or  close  to 
the  5.4  square  foot  (0.5  m  )  standard. 

In  sum,  under  current  conditions,  most  of  the  overcrowded 
lines  in  the  United  States  and  Canada  can  be  relieved  by  offering  more 
service  on  existing  lines.    Relieving  overcrowding  as  a  justification 
for  new  rail  transit  lines  is  principally  applicable  to  construction 
that  has  at  some  point  been  committed  in  New  York  and  Montreal. 

The  physical  capacity  to  carry  passengers  varies  among  transit 
lines.  Frequently  misunderstood,  this  subject  requires  elaboration. 
Once  the  policy  determination  of  what  passenger  space  to  provide  is 
made,  capacity  depends  on  three  factors:    (1)  car  width,  (2)  train 
(i.e.,  platform)  length,  and  (3)  minimum  headway  or  interval  between 
trains . 

Rapid  transit  cars  come  in  a  bewildering  array  of  dimensions 
(few  systems  outside  the  Soviet  block  have  the  same  car),  but  they  may 
be  classified  as  either  "narrow,"  meaning  about  8  feet  10  inches  or  2.5 
to  2.8  m  in  width  (such  as  the  IRT  and  PATH  in  New  York,  the  Market 
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Street  line  in  Philadelphia,  as  well  as  Montreal,  Chicago,  and  Boston) 
or    "wide"  meaning  about  10  feet  or  3.05  to  3.2  m  in  width,  (such  as  the 
IND  and  SIRT  in  New  York,  the  Broad  St.  line  and  PATCO  in  Philadelphia, 
as  well  as  Toronto,  Cleveland,  BART,  Washington  and  Atlanta).  Light 
rail  vehicles  in  North  America  tend  to  be  about  the  same  as  "narrow" 
rapid  transit  cars;  peoplemover  vehicles  are  still  narrower,  about  7  ft. 
(2.1  m). 

The  maximum  length  of  the  train  into  which  the  cars  are 
coupled  is  set  by  the  length  of  the  station  platforms.    Dimensions  range 
from  about  230  feet  (70  m)  on  one  line  in  Boston  to  700  feet  (213  m)  on 
BART.    Still  longer  platforms  are  used  by  some  commuter  railroads,  but 
such  lengths  become  impractical  for  urban  transit.    However,  on  rapid 
transit  lines  with  short  platforms,  the  lengthening  of  platforms  is  an 
attractive  option  for  increasing  capacity.    The  maximum  train  lengths 
used  on  the  different  systems  are  listed  in  Table  A-5,  and  the  resulting 
typical  floor  areas  of  rapid  transit  trains  are  displayed  in  Exhibit 
2.1. 

Light  rail  cars  are  traditionally  run  singly  or  in  trains  up 

to  three  cars,  as  in  Boston.    For  the  Presidents'  Conference  Committee 

(PCC)  cars  (which  also  come  in  different  sizes)  this  results  in  a  maxi- 

2 

mum  train  area  of  some  1,323  square  feet  (123  m  ),  slightly  larger  than 
the  size  shown  in  Exhibit  2.1  for  a  train  of  two  new  articulated  light 
rail  vehicles.    If  four  somewhat  larger  vehicles  are  operated  together, 
as  proposed  in  Cleveland,  the  light  rail  train  floor  area  is  about 
doubled. 

Among  currently  used  peoplemover  vehicles,  both  the  Dallas-Ft. 
Worth  airport  Airtrans  car  and  Westinghouse  (Seattle  and  Tampa  airports) 
car  have  entraining  capability,  while  the  Boeing  Morgantown  vehicle  runs 


*The  majority  of  foreign  systems,  including  those  of  the  USSR,  have 
"narrow"  cars;  Madrid,  some  Berlin  lines  and  the  original  1896  Budapest 
line  have  cars  as  narrow  as  7.5  feet  (2.3  m).    "Wide"  cars  are  to  be 
found  in  Amsterdam,  Munich,  Oslo,  the  shallow  lines  in  London,  the  Paris 
Regional  System  (RER),  Rome,  Seoul,  Rio  de  Janeiro  and  Sao  Paulo,  among 
others . 
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singly;  thus,  peoplemover  "train"  size  may  vary  from  some  100  square 

2  2 
feet  (9.3  rn  )  to  700  square  feet  (65  m  )  or  more. 

The  curves  in  Exhibit  2.1  show  how  capacity  varies  with  train 

size  and  space  allocation  per  passenger.    The  headway  is  assumed  to  be 

two  minutes  in  all  cases,  meaning  the  operation  of  30  trains  an  hour. 

The  intersection  of  the  thin  curves  with  the  heavy  vertical  line  de- 

2 

noting  an  allocation  of  5.4  square  feet  (0.5  m  )  per  person  displays  the 
rail  track  capacity  for  this  comfort  standard  under  the  various  assump- 
tions of  train  size.    Excluding  BART  (designed  for  more  space  per  passen 
ger)  and  the  MBTA  (limited  to  short  trains  until  a  platform-lengthening 
program  is  completed),  the  present  range  of  comfortable  rapid  transit 
capacity  is  from  20,000  to  34,000  persons  per  direction  per  hour  on 
North  American  systems,  if  the  5.4  square  foot  (0.5  m  )  per  passenger 
standard  is  used.    The  light  rail  operation  with  articulated  two-car 
trains  shows  6,800  persons  per  direction  per  hour;  this  can  be  raised 
to  15,900  if  trains  of  four  somewhat  larger  cars  are  assumed. 

The  high  end  of  the  rapid  transit  capacity  range  represents 
"wide"  cars  and  long  trains,  as  in  Washington  and  on  the  New  York  IND- 
BMT.    The  low  end  represents  "narrow"  cars  and  medium-length  trains,  as 
in  Chicago.    Montreal  and  Toronto  display  intermediate  combinations  of 
car  width  and  train  length.    Beyond  the  rather  obvious  point  of  physical 
train  size,  an  important  message  of  Exhibit  2.1  is  the  degree  to  which 

any  "capacity"  figure  is  subject  to  assumptions  about  comfort  standards. 

2 

Reducing  the  space  standard  to  3.75  square  feet  (0.35  m  )  per  passenger 
raises  the  range  of  rapid  transit  capacity  to  between  29,000  and  48,000 
persons  per  direction  per  hour,  and  the  capacity  of  the  illustrative 
light  rail  lines  to  between  10,000  and  23,000.    Undesirable  for  day-to- 
day operation,  capacities  in  this  range  are  important  for  handling  surge 
loads,  such  as  during  sports  events,  and  emergencies.    On  the  other 
hand,  if  100  percent  seating  at  the  ample  standard  of  11  square  feet 
(1.0  m  )  per  person  is  assumed,  even  the  BART  capacity  shrinks  to  21,600 
persons  per  direction  per  hour  with  a  two-minute  headway. 
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Exhibit  2.1 

Space  per  Passenger  Related  to  Peak  Hour  Flow 


55  -i 


Dots  represent  observation  of  floorspace 
per  passenger  in  relation  to  passenger 
volume  by  track  at  downtown  entryways 
shown  in  Exhibit  1.12  and  Table  A-4 


ILLUSTRATIVE  CAPACITIES 
AT  30  TRAINS  PER  HOUR  PER  TRACK 

sntheses) 


BART  (710m2) 


NYCTA-IND 

and  WMATA  (560m2) 


TTC  (430m2) 
NYCTA-IRT  (417m2) 
MUCTC  (383m2) 

CTA  (332m2) 


Breda  LRV 

4  vehicles  (264m2) 


MBTA-blue  (1  50m2) 

Boeing  LRV 

2  vehicles  (1 13m2) 


~~ 1  1  1  1  1  ~l  1  1  1  1  1  1  1  1  1 

0.1       0.2      0.3      0.4      0.5      0.6      0.7      0.8      0.9      1.0      1.1      1.2      1.3      1.4       1.5  rr.2 


Source:  Table  A-4 


Gross  Vehicle  Floorspace  Per  Passenger 
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Maximum  service  frequency,  treated  as  a  constant  so  far,  is 
itself  an  important  variable,  affecting  both  the  quantity  of  vehicle 
floor  area  offered  per  hour  and  the  passengers'  waiting  time.  The 
maximum  reliable  service  frequency  (or  the  minimum  headway)  depends 
primarily  on:    (1)  the  type  of  signalling  used  to  insure  safe  stopping 
distances  between  trains,  (2)  the  complexity  of  the  route  (whether  there 
is  merging  with  other  routes),  and  (3)  the  station  delay  caused  by 
passengers  boarding  and  alighting.    Insufficient  door  width  on  the  cars 
or  insufficient  room  on-  platforms  and  stairways  can  increase  station 
delay  and  reduce  the  maximum  service  frequency. 

On  rapid  transit  lines  with  conventional  block  signals,  30 
trains  during  the  peak  hour,  or  a  2-minute  headway,  is  widely  considered 
to  be  a  limit  of  reliable  performance.    On  the  more  heavily  used  lines 
of  the  New  York  subway,  this  was  the  typical  peak  period  schedule  until 
the  service  cutbacks  of  1972-77.    However,  the  actual  number  of  trains 
operated  8  to  9  a.m.  on  routes  where  trains  merged  often  fell  somewhat 
short  of  30,  even  when  up  to  32  were  scheduled.    On  the  other  hand, 
simple  routes  without  merging,  such  as  the  Flushing  line,  have  routinely 
operated  33  trains  per  peak  hour  for  years.     Moscow,  with  a  similarly 
simple  layout,  operates  up  to  40  trains  an  hour.    The  highest  frequency 
in  North  America  --  38  trains  in  the  peak  hour  --  has  been  attained 
since  1967  on  the  PATH  World  Trade  Center  line,  which  feeds  into  a 
multi -track  terminal. 

On  many  streetcar-type  routes,  service  frequencies  are  higher 
than  on  rapid  transit:    slow  operating  speed  allows  cars  to  follow  each 
other  closely  with  or  without  signal  control.    Thus,  Pittsburgh  ran  51, 
San  Franscisco  68,  and  Philadelphia  73  individual  streetcars  per  track 
per  hour  at  downtown  entry  points  as  of  1976.    Boston,  which  operated 
two-  and  three-car  streetcar  trains,  ran  36  of  them  during  the  peak  hour 
through  the  Central  Subway,  while  Cleveland  mixed  20  streetcar  trains 
with  9  rapid  transit  trains  on  the  same  track. 

In  earlier  years,  high-frequency  streetcar  operations  were 
common.    The  Newark  subway  operated  60  single  cars  per  hour  into  down- 
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town  in  the  1940s,  and  on  Philadelphia's  Market  St.  subway  in  1956-62  as 
many  as  124  (one  car  every  29  seconds)  were  operated  at  a  speed  of  12.5 
mph  (20km/m)  with  block  signalling.    In  Pittsburgh,  23.5-second  headways 
were  attained  by  PCC  cars  in  the  1940s.    Such  frequencies  were  pred- 
icated   both  on  relatively  low  speed,  which  allows  a  short  braking 
distance,  and  on  single-car  operation.    Difficulties  in  loading  second 
and  third  cars  on  a  train  make  multi-car  operation  at  such  frequencies 
improbable.    As  new  light  rail  systems  are  designed  for  train  operation 
and  for  substantially  faster  speeds,  their  maximum  service  frequency  is 
likely  to  drop  closer  to  that  of  rapid  transit.    This  issue  is  being 
faced  by  the  San  Francisco  MUNI  operation  through  the  new  Market  St. 
tunnel,  where  90  second  minimum  headways  make  it  necessary  to  couple 
single  cars  into  trains  to  maintain  necessary  capacity. 

The  technology  of  automated  "peoplemover"  systems  is  still 
under  development,  one  of  the  goals  being  the  attainment  of  very  short, 
3-second  headways.    Currently,  the  Morgantown  vehicle  can  attain  15 
second  headways  with  off-line  stations,  i.e.,  with  no  passenger  boarding 
delay,  and  Airtrans  at  the  Dallas-Ft.  Worth  airport  --  18-second  head- 
ways.   With  these  headways,  reached  during  short  periods  of  maximum 
demand,  the  theoretical  hourly  capacity  of  Morgantown  could  be  4,600 
passenger  places,  and  that  of  Airtrans  with  two-car  trains,  11,880  places. 

Actual  operating  frequencies  on  most  North  American  rapid 
transit  lines  fall  far  short  of  the  attainable  maxima  either  because  of 
operating  policy,  or  because  greater  frequency  is  in  fact  unnecessary  to 
attain  a  reasonable  comfort  standard.    As  Exhibit  2.2  shows,  in  1976 
only  5  rapid  transit  lines  (3  in  New  York,  1  in  Toronto  and  1  in  Chicago) 
operated  near  or  below  a  2-minute  headway  during  the  peak  hour  (however, 
5  out  of  7  streetcar-type  lines  did  so).    For  the  rest  of  the  lines, 
peak  hour  headways  tended  to  be  in  the  range  between  2.5  and  7.5  minutes. 
Typically,  headways  greater  than  4  minutes  occur  on  rapid  transit  lines 
with  passenger  volumes  below  10,000  persons  per  direction  in  the  peak 
hour. 
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The  service  frequencies  and  passenger  volumes  portrayed  in 
Exhibit  2.2  are  recorded  at  downtown  entry  points.    Because  many  of  the 
lines  branch  before  entering  downtown,  not  all  passengers  can  avail 
themselves  of  the  frequency  shown.    In  New  York,  many  peak  hour  headways 
shown  as  being  between  2.5  and  3.5  minutes  are  in  the  5  to  7  minute 
range  for  those  passengers  who  can  only  use  one  of  two  routes  operated 
on  a  given  track. 

The  curves  in  Exhibit  2.2,  drawn  analogously  to  those  in 
Exhibit  2.1,  show  how  capacity  varies  with  service  frequency,  given  a 
fixed  space  standard.    Because  long  trains  are  cheaper  to  operate  per 
passenger  place  than  short  ones,  the  operator  seeks  to  increase  head- 
ways, if  the  facility  for  long  trains  exists. 

From  the  viewpoint  of  the  passenger  this  can  result  in  an 
onerous  increase  in  waiting  time.    The  longest  headways  shown  imply  a 
rather  low  valuation  of  passenger  waiting  time  --  on  the  order  of  1.5  to 
3.5<t  per  minute  in  1977  prices.    This  is  roughly  the  range  of  incre- 
mental cost  needed  to  reduce  headways  from  10  to  6  minutes  divided  by 
the  passenger-minutes  saved,  as  can  be  deduced  from  Exhibit  2.10  later 
in  this  chapter.    In  the  6  to  3  minute  range,  the  cost  of  reducing 
headways  rises  steeply,  and  can  easily  exceed  the  value  of  passenger 
time  saved,  which  may  average  around  5<£  a  minute  on  transit  in  1977 
prices.7 

Formal  calculations  seeking  to  "optimize"  service  frequency  so 
as  to  keep  the  sum  of  the  costs  to  the  operator  and  to  the  passenger  at 
a  minimum  should,  however,  be  done  with  caution.    Applying  externally 
derived  values  of  time  can  easily  exaggerate  the  frequency  needed,  and 
most  of  the  added  cost  may  not  be  "collectible"  from  the  passenger  even 
in  terms  of  added  patronage.    Since  both  cost  functions  vary  from  system 
to  system,  no  general  "optimizing"  approach  is  attempted  here.  Rather, 
Exhibit  2.2  simply  shows  that  peak  hour  headways  longer  than  6  minutes 
are  deemed  by  the  operators  to  be  unacceptable  to  the  passenger  in  more 


Source:  Table  A-4 


Headway  or  Interval  Between  Trains,  8-9  AM,  (minutes) 
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than  90  percent  of  the  cases,  and  those  longer  than  7.5  minutes,  in 
★ 

all  cases. 

The  average  waiting  time  (half  the  headway  or  3.75  minutes) 
may  not  appear  overly  long,  but  in  operating  practice  there  tends  to  be 
a  link  between  peak  period  headway  and  off-peak,  or  "base  period"  head- 
way.   The  latter  is  typically  2  to  3  times  the  former,  though  no  fixed 
ratio  need  apply.    Thus,  a  7.5  minute  headway  during  the  peak  may  trans- 
late into  a  15  to  20  minute  headway  in  midday  or  evening  hours.    This  is 
not  an  attractive  service  for  spontaneous,  walk-in  traffic.    It  is 
supportable  mostly  on  commuter  railroads,  where  travel  distances  are 
long  and  passengers  are  inured  to  watching  the  schedule  and  catching  a 
specific  train. ^ 

In  sum,  if  a  train  of  three  large  rapid  transit  cars  (with  140 
passenger  places  each)  were  a  minimum  economical  unit  for  peak  hour 
service,  and  a  7.5  minute  peak  period  headway  were  the  maximum  acceptable 
to  the  passenger,  then  a  peak  hour  one-directional  flow  of  some  3,360 
passenger  places  (the  equivalent  of  55  buses)  would  be  the  minimum  to 
support  a  rapid  transit  operation  based  on  service  frequency  alone.  If 
a  light  rail  vehicle  with  122  passenger  places  (such  as  the  Edmonton 
car)  were  to  be  operated  on  a  similar  schedule,  the  minimum  peak  hour 
flow  to  support  light  rail  --  based  on  frequency  alone  --  would  be 
about  1,000  passenger  places  (the  equivalent  of  16  buses).    These  fig- 
ures are  in  scale  with  the  minimum  passenger  flows  actually  encountered 
on  rail  systems.    The  minimum  flows  are  about  one-tenth  of  the  maxima 
attainable  with  a  comfortable  space  allocation  per  passenger. 

2.    Operating  Speed. 

Vehicle  speed  is  of  decisive  importance  in  transit  operations. 
Unlike  increasing  space  and  service  frequency,  which  necessitate  higher 
costs  to  the  operator  to  satisfy  passenger  convenience,  increased  speed 

*An  exception  not  shown  on  the  chart  was  the  start-up  operation  in 
Atlanta,  with  10-minute  peak  hour  headways  in  1979-80. 
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reduces  costs  both  to  the  passenger  and  to  the  operator.    For  the  pas- 
senger, travel  time  is  reduced  and  for  the  operator,  fewer  vehicles  and 
fewer  employees  are  needed  as  vehicles  turn  around  faster. 

Travel  of  individually  moving  units  (buses,  automobiles, 
bicycles,  equestrians  or  pedestrians)  is  subject  to  the  law  of  declining 
speed  with  rising  volume  of  flow.    This  results  from  individual  efforts 
to  adjust  speed  to  available  stopping  distances  to  avoid  collisions. 
Fixed  guideways  are  subject  to  this  law  only  with  respect  to  minimum 
train  spacing  on  different  types  of  systems.    Surely,  high-speed  opera- 
tions need  much  longer  intervals  between  trains  than  slow  ones,  so  as  to 
maintain  safe  stopping  distances;  but  up  to  a  point,  greater  train 
length  can  more  than  compensate  for  the  longer  intervals,  so  that  both 
speed  and  passenger  flow  can  increase.    Exclusive  of  boarding  delay, 
fixed  guideway  speeds  are  basically  independent  of  the  volume  of  flow. 
This  independence  is  illustrated  in  Exhibit  2.3. 

The  volume  of  service  is  shown  along  the  horizontal  axis  of 
the  exhibit  by  system  (not  by  particular  downtown  entries,  as  previ- 
ously) and  is  expressed  as  the  number  of  passenger  places  (gross  vehicle 

2 

floorspace  divided  by  5.4  square  feet  or  0.5  m  )  passing  a  point  along 

an  average  line  (not  the  maximum  load  point)  in  a  year  in  both  directions. 

One  million  annual  place-miles  per  mile  of  line  by  this  definition 

equals  on  the  average  about  185  places  per  line  in  one  direction  during 

★ 

the  peak  hour  on  a  weekday,  the  equivalent  of  3  buses.     As  for  the 
definition  of  speed  in  Exhibit  2.3,  it  is  expressed  as  gross  average 
operating  speed,  meaning  annual  vehicle-miles  divided  by  annual  vehicle- 
hours,  including  layover  time  at  terminals. 


^Because  of  different  weekly  and  daily  peaking  patterns,  an  annual 
average  of  one  million  place-miles  per  line  mile  may  actually  represent 
anywhere  from  2  to  4  bus-equivalents  crossing  the  maximum  load  point  in 
the  peak  hour,  if  service  along  a  line  is  even.    If  service  drops  off 
toward  outlying  points  due  to  branching  of  lines  or  short-turning  of 
trains,  the  equivalent  of  an  annual  average  of  one  million  place-miles 
per  line  mile  may  be  as  high  as  10  buses  crossing  the  maximum  load  point 
per  direction  per  hour. 
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Exhibit  2.3 

Operating  Speed  Related  to  Service  Volume 
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None  of  the  fixed  guideway  modes  show  any  decline  in  operating 
speed  with  rising  volume  of  service.    The  arrangement  of  their  domains 
tends  to  show  an  opposite  pattern.    Rapid  transit  serves  the  highest 
volumes  at  high  speeds.    Light  rail  serves  intermediate  volumes  at 
intermediate  speeds.    Commuter  rail  serves  intermediate  volumes  at  the 
highest  speeds.    Existing  peoplemovers  serve  volumes  that  overlap  the 
upper  bus  range,  the  entire  light  rail  and  the  lower  rapid  transit 
range.    Their  speeds  are  the  slowest.    This  reflects  a  very  short  trip 
length  on  existing  systems,  as  well  as  speed  limits  to  insure  rear-end 
collision  protection  with  short  headways,  particularly  if  loss  of  ad- 
hesion occurs  on  a  wet  concrete  guideway. 

By  contrast,  local  bus  speeds  show  a  decline  with  rising 
volume  of  service.    This  is  so  because  higher  service  volumes  are  asso- 
ciated with  higher  urban  densities,  which  reduce  the  prevailing  speed  of 

street  traffic.    The  relationship  between  local  bus  speed  and  the  density 

9 

of  development  is,  in  fact,  a  close  one.     The  20  bus  systems  shown 
(selected  because  speed  and  volume  data  were  readily  available,  see 
Table  A-6  Part  III)  offer  predominantly  local  service,  but  include 
express  operations.^    Systems  with  significant  shares  of  express  service 
are  singled  out  in  the  exhibit  (Alameda-Contra  Costa  -  AC;  Golden  Gate  - 
GG;  New  Jersey  Transit  -  NJT).    Separate  data  for  express  operations  are 
not  readily  available.    Nor  are  exclusive  busways  included  in  the  ex- 
hibit; they  represent  for  the  most  part  only  the  non-stop  portion  of  a 
group  of  services,  and  thus  are  not  comparable  to  the  systemwide  data 
displayed.    Altogether,  bus  systems  are  shown  to  serve  the  lower  domain 
of  volumes,  between  0.6  and  8.4  million  place-miles  per  line-mile,  at 
average  speeds  that  range  from  15.3  mph  (24.6  km/h)  in  Phoenix,  Arizona 
to  5.6  mph  (8.9  km/h)  in  Manhattan  and  the  Bronx. 

Because  new  fixed  guideways  are  typically  inserted  into  an 
environment  where  bus  systems  operate,  this  bus  speed  range  is  a  useful 
yardstick  against  which  to  measure  fixed  guideway  performance.  System- 
wide  rapid  transit  speeds,  between  15.6  and  35  mph  (25  and  56  km/h)  are 
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roughly  twice  as  fast  as  bus  speeds.    Systemwide  streetcar  and  light 
rail  speeds,  between  9  and  22  mph  (14  and  35  km/h)  are  moderately 
faster.    On  particular  lines  the  advantages  may  differ.    Similarly,  the 
low  speed  of  peoplemovers  in  airport  and  downtown  applications  (7  to  10 
mph  or  11  to  16  km/h)  must  be  compared  to  bus  speed  in  heavy  traffic, 
which  in  the  core  of  any  major  city  is  in  the  5  to  10  mph  (8  to  16  km/h) 
range . 

Two  principal  avenues  for  increasing  speed  are  reducing  con- 
flicts with  surface  traffic  by  means  of  grade  separation  and  reducing 
the  number  of  stops.    Rapid  transit  is  by  definition  fully  grade-sep- 
arated; light  rail  and  streetcar  systems  vary  in  their  degree  of  grade 
separation. 

The  SEPTA  Norristown  line,  at  22  mph  (35  km/h)  by  far  the 
fastest,  is  fully  grade-separated.    Of  the  three  next  fastest  lines, 
which  average  some  17  mph  (27  km/h),  GCRTA  Shaker  Heights  is  grade- 
separated  for  nearly  half  its  length  (with  the  remainder  in  reserved 
street  medians),  but  the  grade-separated  portion  carries  about  two- 
thirds  of  the  car-miles  operated.    The  ETS  Edmonton  line  as  of  1980  had 
close  to  one-quarter  of  its  length  in  tunnel,  with  the  remainder  on 
reserved  right-of-way  with  protected  street  crossings.    The  NJT  Newark 
line  is  grade-separated  except  for  one  street  crossing. 

The  next  group,  averaging  just  over  10  mph  (17  km/h)  includes 
the  PAT  South  Hills  lines  in  Pittsburgh  and  the  original  subway-surface 
operations  of  the  MBTA  in  Boston  and  SEPTA  in  Philadelphia.    The  former 
runs  mostly  on  private  right-of-way  with  grade  crossings,  but  enters 
downtown  on  surface  streets.    The  latter  two  enter  downtown  in  tunnels 
and  run  mostly  (as  in  Boston),  or  to  a  small  extent  (as  in  Philadelphia), 
in  reserved  street  medians  outside,  with  the  remainder  on  surface  streets 

The  last  group,  averaging  about  9  mph  (15  km/h)  consists  of 
traditional  surface  street  operations  with  some  reserved  mileage  in 
Toronto  and  in  San  Francisco  prior  to  1980.    By  converting  downtown 
operations  from  surface  to  tunnel,  San  Francisco  nearly  tripled  its 
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operating  speed  along  Market  Street  to  20  mph  (32  km/h),  thereby  raising 
the  systemwide  speed  nearly  50  percent.    Statistics  of  fully  grade- 
separated,  reserved,  and  surface  street  mileage  for  all  United  States 
systems  are  listed  in  Table  H-3  in  the  Appendix. 

On  partially  grade-separated  lines  there  are  numerous  impedi- 
ments to  speed,  including  the  volume  of  conflicting  traffic,  its  pattern 
of  turning  movements,  the  frequency  of  at-grade  crossings,  the  lack  of 

signal  pre-emption  to  give  rail  vehicles  priority,  and  passenger  board- 

11 

ing  delay  resulting  from  rudimentary  station  arrangements.       As  these 
types  of  delay  are  reduced  by  increased  grade-separation,  speed  becomes 
principally  a  function  of  station  spacing.    The  relationship  between 
speed  and  the  average  distance  between  stops  for  systems  most  of  which 
are  grade-separated  is  displayed  in  Exhibit  2.4. 

The  definition  of  speed  in  this  exhibit  is  refined  to  include 
both  gross  average  operating  speed  including  layover  time  at  terminals, 
and  net  average  operating  or  schedule  speed,  which  is  based  on  running 
time  as  perceived  by  the  passenger  and  excludes  layover  time.    The  gross 
definition  is  relevant  for  calculations  of  operating  cost.    The  distance 
between  stops  is  that  encountered  by  an  average  car  on  the  system  and  not 
the  physical  distance  (total  line  miles  divided  by  the  number  of  inter- 
station  links).    Because  of  the  complexity  of  some  operations  (notably, 
the  New  York  City  Transit  Authority),  the  more  accurate  definition  of 
distance  between  stops  is  not  available  for  some  systems  and  these  are 
not  included  in  the  chart. 

The  approximate  limit  of  current  rail  technology,  taking  into 
account  passenger  comfort  criteria  with  respect  to  acceleration,  is 
represented  by  the  two  curves  relating  average  speed  to  distance  between 
stops.    The  lower,  or  gross  average  operating  speed  curve  shows  that  to 


*Some  softness  in  the  gross  operating  speed  data  should  be  recog- 
nized, since  the  definition  of  "vehicle  hours"  depends  in  part  on  work 
rules  defined  in  union  agreements. 
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Exhibit  2.4 

Operating  Speed  Related  to  Station  Spacing 
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exceed  the  upper  bus  range  of  15  mph  (24  km/h),  the  station  spacing  must 
be  greater  than  0.45  miles  (0.7  km);  but  it  takes  a  1.6  mile  (2.6  km) 
spacing  to  double  the  gross  speed  to  30  mph  (48.3  km/h).    The  net  speed 
experienced  by  the  passenger  at  this  point  averages  38  mph  (61  km/h). 

To  what  extent  actual  operations  match  the  curves  shown  de- 
pends in  large  measure  on  rolling  stock  performance,  i.e.,  the  ability 
to  sustain  fast  acceleration  and  to  reach  a  maximum  speed  appropriate 
for  a  given  station  spacing.    Both  are  related  to  a  vehicle's  power-to- 
weight  ratio.    Among  the  top  performers,  the  Washington  (WMATA)  and 
Atlanta  (MARTA)  rapid  transit  cars  are  equipped  with  about  20  hp  per 
metric  ton  of  empty  vehicle  weight;  the  Lindenwold  line  (PATCO)  and  the 
Norristown  light  rail  line  cars,  with  about  17  hp  per  metric  ton.  The 
Norristown  line  reaches  its  rather  exceptional  net  operating  speed  of  30 
mph  (48  km/h)  at  0.74  miles  (1.2  km)  between  scheduled  stops  because  of 
signs  which  enable  cars  to  pass  stations  at  full  speed  if  no  passengers 
are  boarding  or  alighting. 

High-performance  rolling  stock  includes  the  PCC  car,  last 
manufactured  in  1952  and  the  BART  car,  produced  in  1972;  both  are 
equipped  with  about  23  hp  per  metric  ton.    Among  the  properties  shown  in 
Exhibit  2.4,  PCC  cars  operated  on  the  Toronto  street  system,  the  Newark 
and  Shaker  Heights  lines.    The  speed  on  the  last  is  curtailed  by  sections 
of  non-exclusive  right-of-way.    The  speed  of  BART  (cut  back  substantially 
between  1975  and  1980)  is  depressed  by  problems  with  automatic  train 
control . 

The  lower-than-possible  operating  speed  of  the  other  systems 
is  explained  by  lower  car  performance  and  other  factors.    For  example, 
Staten  Island  and  Cleveland  rapid  transit,  with  noticeably  lower  posi- 
tions on  the  chart,  use  cars  averaging  11.6  to  roughly  10  hp  per  ton, 
which  is  typical  of  older  transit  systems.    The  Edmonton  cars  have 
sluggish  acceleration  (58  seconds  from  0  to  50  mph,  compared  to  as 
little  as  25  seconds  on  the  new  Breda  Cleveland  cars  not  shown  in 
Exhibit  2.4)  and  are  restricted  by  signal  delays.    The  SIRT  cars  are  not 
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operated  at  "full  throttle"  due  to  power  supply  restrictions,  and  tight 
curves  and  other  geometry  constraints  limit  the  speed  of  the  CTA  in 
Chicago  and  of  PATH  in  New  Jersey  and  New  York. 

Also  included  in  Exhibit  2.4  are  available  data  on  people- 
movers.    These  have  operating  speeds  similar  to  rail  at  short  station 
spacings,  but  fall  behind  at  longer  distances  between  stops  especially 
if  cars  idle  waiting  for  passengers  in  a  demand-responsive  mode,  such  as 
in  Morgantown.    Automated  peoplemover  speed  has  much  less  of  an  effect 
on  labor  cost  than  that  of  manned  systems,  but  it  still  affects  the 
number  of  vehicles  needed. 

3.    Labor  Requirements. 

In  addition  to  improving  service,  reducing  unit  operating 
costs  is  an  important  rationale  for  new  fixed  guideway  systems.  To 
determine  the  magnitude  of  the  possible  savings,  the  labor  output  of 
different  transit  systems  is  examined  in  terms  of  place-miles  and, 
following  a  discussion  of  vehicle  occupancy,  in  passenger-miles.  The 
labor  requirement  (the  inverse  of  labor  output)  is  then  assessed  in 
relation  to  place-miles  (thus  equalizing  for  vehicle  size  compared  to 
the  more  customary  car-miles  or  bus-miles)  and  place-hours  (thus  equal- 
izing for  speed).    The  latter  measure  enables  one  to  observe  the  changes 
in  labor  requirements  related  to  service  density.    Based  on  the  relation- 
ships uncovered,  a  labor  requirements  model  is  developed  which  is  sen- 
sitive to  operating  speed,  service  density,  service  frequency,  train 
manning  and  station  manning  assumptions.    This  model  makes  it  possible 
to  compare  the  labor  cost  of  different  transit  modes  under  different 
conditions,  suggesting  thresholds  at  which  fixed  guideways  have  lower 
labor  requirements  than  various  types  of  bus  operation. 

Labor  represents  about  80  percent  of  current  expenses  (ex- 
cluding capital  charges)  for  all  public  transportation  in  the  United 

1 2 

States,  a  figure  that  applies  to  fixed  guideway  systems  as  well. 
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Expressed  in  money  terms,  however,  the  cost  of  labor  varies  by  geo- 
graphic area  and  rises  over  time  due  to  inflation.    Accounting  practices 
also  vary:    several  multi -modal  agencies  do  not  disaggregate  costs  by 
mode.    All  these  problems  are  avoided  if  one  deals  simply  with  the 
number  of  employees  (or  man-years)  needed  to  perform  different  transit 

tasks.    The  differences  in  cost  per  worker  for  five  major  tasks  examined 

13 

here  are  generally  within  15  percent  of  the  average  cost  per  worker 
and  do  not  have  a  decisive  effect  on  total  labor  expenditures.  Hence, 
the  number  of  workers  is  used  as  the  basic  measure  of  labor  expense;  it 
can  be  always  converted  into  money  terms  to  fit  the  prices  of  any  par- 
ticular time  and  place. 

The  systems  examined  include  all  13  rapid  transit  operations 

in  the  United  States  and  Canada  as  of  1980,  9  out  of  14  light  rail 

*  ** 
operations,    5  out  of  14  peoplemovers ,     and  about  two  dozen  bus  systems 

in  larger  cities  for  which  pertinent  data  are  available. 

For  fixed  guideways  the  analysis  is  based  on  data  supplied 
directly  by  the  operating  agencies,  presented  in  Tables  A-4,  A-6  and  A- 
7.    Some  data,  particularly  on  bus  systems  and  on  vehicle  dimensions 
(Table  A-5)  derive  from  published  American  Public  Transit  Association 
(APTA)  sources.    Occasionally,  the  data  had  gaps  (e.g.,  either  passen- 
gers or  some  categories  of  workers  were  not  allocated  by  mode).  In 
these  cases,  estimates  were  necessary,  indicated  by  the  letter  (e)  in 
the  tables.    Throughout  the  book,  employment  figures  exclude  police  (a 
community,  rather  than  a  transit  function)  and  employees  concerned  with 
construction  (a  capital  budget  expenditure  which  includes  "de-bugging" 
on  new  systems).    While  questions  about  some  figures  remain  and  strict 


*0mitted  are:    the  SEPTA  Media-Sharon  Hill  line,  because  of  in- 
sufficient data;  the  SEPTA  City  streetcars  (other  than  the  5  subway- 
surface  routes),  because  of  erratic  operation  as  a  result  of  equipment 
shortages  during  the  study  period;  the  small  downtown  operations  in  Ft. 
Worth  and  Detroit;  and  the  St.  Charles  line  in  New  Orleans,  which 
operates  historic  equipment,  unlikely  to  be  replicated. 

**0mitted  are  8  systems  in  amusement  parks  and  the  intra-mural 
system  at  the  Houston  airport. 
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comparabili ty  of  the  employee  classification  cannot  be  claimed,  a  com- 
prehensive data  base  of  employment  and  operating  statistics  of  this  type 
has  never  been  assembled  before  for  fixed  guideway  systems  in  North 
America. 

The  data  can  be  legitimately  used  to  derive  overall  relation- 
ships which  show  how  much  labor  is  required  under  different  conditions. 
They  should,  however,  not  be  used  to  compare  individual  systems.  Each 
system  tends  to  have  idiosyncrasies  related  to  route  configuration, 
patronage,  equipment  type,  the  regulatory  framework  and  labor  relations 
which  can  make  such  comparisons  invalid.    And,  even  the  overall  rela- 
tionships cannot  account  for  many  important  qualities  of  service,  such 

as  clean  stations,  clean  cars,  or  on-time  performance,  which  also 
14 

require  labor. 

Labor  output  in  place-miles  per  worker  on  different  systems 
provides  a  good  overview  of  the  fixed  guideway  modes  in  comparison  with 
buses--the  principal  alternative.    Place-miles  is  what  transit  workers 
produce;  the  measure  is  reliable,  based  on  annual  car-miles  (a  firmly 
established  statistic)  and  car  size.    Admittedly,  it  can  be  spurious  on 
occasion:    running  full-length  trains  in  the  evening,  for  example,  will 
produce  place-miles  per  worker  but  will  be  of  no  value  if  the  places  are 
empty.    Therefore,  place-miles  utilized,  meaning  passenger-miles,  require 
equal  attention. 

The  output  per  employee  on  rapid  transit  exceeds  that  of  bus 
systems  by  a  wide  margin,  as  Exhibit  2.5  demonstrates.    It  will  be  shown 
shortly  that  this  is  primarily  a  function  of  speed  and  secondarily,  of 
vehicle  operation  in  trains.    Most  of  the  rapid  transit  systems  shown 
produce  between  1  and  2  million  place-miles  of  service  per  worker  per 
year;  the  bus  range  --  with  predominantly  local  service  —  is  below  1 
million,  and  down  to  0.5  million.    Pairing  off  rapid  transit  with  bus 
systems  operating  in  the  same  territory  produces  a  similar  relationship: 
the  output  of  place-miles  per  worker  on  the  Toronto  and  Washington 


subways  is  2.5  times  that  of  TTC  and  WMATA  buses;  that  on  BART  and 
PATCO,  more  than  twice  that  of  the  AC  Transit  and  NJT  buses  respec- 
tively; that  on  rapid  transit  in  New  York,  Cleveland,  Montreal  and 
Chicago  exceeds  that  of  buses  in  the  respective  areas  by  2.0  to  1.4 
times.    One  rapid  transit  operation  that  apparently  falls  below  the  bus 
in  output  per  employee  is  the  MBTA  in  Boston,  where  "work  rules  and 
state  crew  laws  tend  to  defeat  much  of  the  inherent  advantage  of  rapid 
transit."15 

The  labor  output  of  North  American  rapid  transit  compares 
favorably  with  other  countries,  where  relatively  few  systems  (among  them 
Stockholm,  Moscow,  Mexico  City)  equal  the  output  of  1.1  million  place- 
miles  per  worker  typical  of  New  York;  some  systems  fall  just  below  that 
level  (Leningrad,  Oslo)  but  many  fall  substantially  below  (London, 
Milan,  Osaka,  Kiev,  Buenos  Aires).    Comparable  labor  figures  for  foreign 
light  rail  systems  are  not  available;  indications  are  that  German  street- 
car  and  light  rail  systems  exceed  local  buses  in  output  per  worker  by  a 
considerable  margin. 

Compared  to  rapid  transit,  the  labor  output  of  existing  street- 
cars and  light  rail  in  North  America  shows  much  less  of  an  advantage  over 
the  bus.    Most  place-miles  per  employee  are  produced  by  the  NJT  Newark 
subway,  followed  by  the  ETS  Edmonton  light  rail  line,  the  SEPTA  Norris- 
town  line,  the  San  Francisco  MUNI  streetcars,  and  the  GCRTA  Shaker 
Heights  lines.    The  first  has  about  the  same  output  per  employee  as  NJT 
buses  (which  include  many  express  runs),  while  the  other  four  do  some- 
what better  than  buses  operated  by  the  respective  agencies.    The  remain- 
ing four  systems  do  worse  than  their  respective  buses  in  large  part 
because  of  their  slow  speed.    Moreover,  the  traditional  streetcar-type 
systems  do  not,  or  cannot  avail  themselves  of  the  advantages  of  train 
operation.    Two  of  the  systems  that  do  operate  trains  still  use  one 
worker  per  car,  negating  possible  labor  savings.    Only  the  new  Edmonton 
system  operates  one-man  trains,  but  some  of  this  labor  saving  is  negated 
by  fully  manned  stations,  to  which  one-third  of  all  employees  are  assigned. 
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Exhibit  2.5 

Labor  Output  of  Transit  Operations 
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The  low  output  per  worker  on  some  of  the  traditional  systems 
makes  it  understandable  why  so  many  streetcar  lines  lost  out  in  compe- 
tition with  buses.    One  can  draw  useful  lessons  from  the  experience  of 
the  older  lines,  but  they  should  not  be  confused  with  light  rail  as 
envisaged  for  new  systems.    Among  the  basic  differences  between  past  and 
future  lines  are: 

1.  higher  speeds  due  to  separation  from  traffic  and  coordination 
with  traffic  signals; 

2.  larger  vehicles  operated  in  trains  whenever  possible; 

3.  self-service  fare  collection  to  enable  one-man  train  operation 

with 

4.  simple  stations  in  a  street  environment; 

5.  a  close  coordination  with  feeder  buses  to  enlarge  the  tribu- 
tary area  of  a  high-capacity  line  and  to  use  each  mode  in  a  setting  to 
which  it  is  suited  best. 

These  differences  are  taken  into  account  in  the  labor  require- 
ments model  presented  later  in  this  chapter. 

Employment  data  for  automated  peoplemovers  are  much  less 
reliable  than  those  for  the  conventional  systems.    Maintenance  work  done 
by  outside  contractors  has  to  be  translated  into  staff  position  equiva- 
lents.   There  is  the  difficulty  of  allocating  the  time  of  general 
airport  staff  who  devote  some  of  their  effort  to  tending  the  airport 
peoplemover.    If  it  were  an  independent  operation,  many  of  these  part- 
time  responsibilities  would  require  full-time  positions.    In  part  be- 
cause of  these  accounting  difficulties,  the  labor  output  of  the  five 
systems  investigated  varies  over  an  extremely  broad  range. 

The  two  simple  and  short  (less  than  1  mile  of  two-track 
equivalent  guideway)  shuttle-loop  systems  at  Seattle-Tacoma  and  Tampa 
airports,  with  high  volumes  of  service,  have  the  highest  output,  1.1  to 
1.6  million  place-miles  per  employee  annually,  comparable  to  rapid 
transit.    The  much  larger  (6.4  miles  of  two-track  equivalent)  Dallas 
Airtrans  system  produces  about  0.7  million  place-miles  per  employee 
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annually,  comparable  to  the  San  Francisco  MUNI  and  Cleveland  Shaker 
Heights  light  rail  operations,  to  which  it  is  similar  in  volume  of 
service  per  line-mile.    Not  counting  Airtrans  station  attendants  as 
employees  raises  its  output  to  0.9  million  place-miles  per  worker. 
Morgantown  in  1977  produced  0.2  million  place-miles  per  employee, 
similar  to  the  most  labor-intensive  streetcars.    Lastly,  the  small  "ACT" 
shuttle  at  the  Fairlane  shopping  center  in  Dearborn,  Michigan,  with 
about  0.18  million  place-miles  per  employee  and  the  lightest  volume  of 
service  appears  to  be  similar  in  labor  output  to  the  historic  cable  cars 
in  San  Francisco. 

Because  of  the  unreliability  of  peoplemover  employment  data, 
it  is  worth  cross-checking  these  findings  with  operating  and  maintenance 
costs  in  dollars  developed  in  the  course  of  recent  Automated  Guideway 
Transit  assessment  studies.       In  1976  dollars,  the  operating  and 
maintenance  cost  of  the  three  airport  systems  ranged  from  1.88tf  to  2.85<t 
per  place-mile,  but  that  of  Morgantown  and  Fairlane  was  12 . 3<t  and  21<£, 
respectively.    These  magnitudes  are  roughly  in  scale  with  the  labor 
output  reported  here.    It  will  be  recalled  from  Exhibit  2.3  that  the 
service  volumes  (place-miles  per  line-mile)  on  the  three  airport  people- 
movers  are  about  six  times  those  on  the  other  two  systems,  suggesting  a 
link  between  service  volume  and  labor  output.    For  comparison,  1976  bus 
operating  and  maintenance  costs  were  in  the  2<t  to  5<£  per  place-mile 
range.    This  supports  the  finding  of  Exhibit  2.5,  namely  that  the  more 
productive  automated  peoplemovers  do  in  fact  exceed  the  bus  in  output 
per  worker,  being  similar  in  this  regard  to  rapid  transit,  whereas  those 
with  light  volumes  of  service  fall  far  behind. 

To  conclude  the  discussion  of  output  per  worker,  a  caveat  is 
in  order.    Long  rail  transit  lines  inherently  tend  to  have  higher  output 
in  place-miles  per  worker  than  short  ones.    This  is  so  because  their 
vehicle  requirements  --  and  as  a  result,  many  labor  requirements  as 
well  --  are  set  by  the  peak  hour  capacity  needed  at  the  maximum  load 
point  on  the  downtown  edge.    Once  that  requirement  is  satisfied,  running 
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trains  for  a  somewhat  longer  distance  out  from  downtown  and  clocking 
additional  place-miles  may  require  only  modest  additional  labor. 

If  one  measures  output  in  places  delivered  to  downtown  during 
the  peak  hour  per  worker,  instead  of  in  place-miles  produced  annually 
per  worker,  the  shorter  systems  among  those  shown  in  Exhibit  2.5  move  up 
significantly  in  rank.    PATH  moves  up  in  rank  from  13  to  4,  Edmonton 
from  14  to  8,  and  MBTA  rapid  transit  from  18  to  12.    All  three  have 
average  round-trip  runs  of  9  to  11  miles  (14  to  18  km)  per  downtown 
entry.    By  contrast,  systems  with  long  round  trip  runs,  notably  the 
NYCTA  (27.7  miles  or  44.5  km)  and  BART  (52.5  miles  or  84.5  km)  move  down 
in  rank,  the  former  from  8  to  18,  and  the  latter  from  4  to  16.    If  one 
wishes  to  focus  on  downtown  access  irrespective  of  trip  length,  one  can 
measure  worker  output  in  peak  hour  passenger  places  delivered. 

Measured  either  way,  output  per  worker  fluctuates  over  time. 
Because  of  fixed  costs,  it  rises  when  service  is  expanded  (as  on  the  new 
systems),  and  falls  when  service  is  reduced.    On  the  NYCTA  for  example, 
annual  place-miles  produced  per  employee  dropped  from  1.29  million  in 
1970  (when  it  was  second  in  output  per  worker  only  to  PATCO)  to  1.02 
million  in  1979  because  a  26  percent  cutback  in  service  could  not  be 
matched  by  proportionate  reductions  in  labor.    Even  so,  cutbacks  in  car 
maintenance  staff  caused  severe  deterioration  of  the  rolling  stock  and 
of  service  reliability,  conditions  that  are  not  reflected  in  place-miles 
per  worker.    Since  the  data  for  Exhibit  2.5  were  prepared,  a  similar  20 
percent  cutback  in  service  occurred  on  the  SEPTA  city  subways  in  Phila- 
delphia.   This  points  out  once  again  that  the  data  presented  for  calen- 
dar year  1976  (or  later  years  for  the  new  systems),  useful  for  aggregate 
analysis,  should  not  be  used  to  judge  particular  properties. 

The  passenger  occupancy  of  transit  vehicles  obviously  affects 
the  labor  cost  of  the  end  product,  namely  the  passenger-miles  travelled. 
The  range  of  observed  occupancy  values  is  listed  at  the  bottom  of  Ex- 
hibit 2.5.    The  percent  places  occupied,  or  the  load  factor,  is  ex- 
pressed as  the  ratio  of  annual  passenger-miles  travelled  to  annual 
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pl ace-miles  of  service  offered,  with  places  defined  at  5.4  sq.  ft.  (0.5 
2 

m  )  of  gross  vehicle  floorspace. 

The  unweighted  average  annual  occupancy  of  the  13  rapid  tran- 
sit systems,  at  21  percent  (24  people  per  car)  is  only  slightly  higher 
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than  that  of  buses,  presumed  to  be  19  percent  (11.5  people  per  bus). 
However,  the  difference  between  the  highest  and  the  lowest  rapid  transit 
figure  is  more  than  two-fold  and  deserves  elaboration.    The  average 
percent  places  occupied  reflects  several  operating  features:    (a)  space 
per  passenger  provided  during  the  weekday  peak  hour  at  downtown  entry 
points,  (b)  the  distribution  of  passenger  trips  along  the  lines,  i.e., 
the  extent  to  which  the  "tail  ends"  near  outlying  terminals  are  util- 
ized, (c)  the  provision  of  cars  in  relation  to  available  passengers 
during  off-peak  weekday  hours,  and  (d)  on  weekends.    The  pertinent 
statistics  are  listed  in  Table  A-4  and  A-7. 

Average  annual  passenger  occupancies  of  26  to  28  percent  were 
attained  in  1976  by  rapid  transit  in  New  York,  Montreal,  Boston,  Phila- 
delphia and  Chicago.    In  the  first  two  of  these  cities,  they  meant 
severe  overloads  (133  percent  of  places  occupied)  at  the  downtown  cordon 
in  the  peak  hour  and  in  the  third,  a  minor  overload.    Chicago  and  Phila- 
delphia managed  to  avoid  overloads  because  the  peaking  of  their  passen- 
ger traffic  --  at  least  during  the  8  a.m.  to  9  a.m.  period  --  appears  to 
be  less  pronounced.    They  also  have  a  more  even  distribution  of  passen- 
gers along  the  length  of  lines  than  New  York,  where  the  tail  ends  of 
long  and  slow  lines  in  Brooklyn  and  the  Bronx  are  lightly  used.  Montreal, 
Boston  and  Philadelphia  attain  very  high  loadings  at  outer  terminals, 
which  serve  as  collector  points  for  buses  or  streetcars. 

Average  annual  passenger  occupancies  of  18  to  24  percent  were 
attained  in  1976-78  by  Toronto,  PATCO  in  New  Jersey  and  Philadelphia, 
PATH  in  New  Jersey  and  New  York,  the  Edmonton  and  the  Cleveland  lines. 
Of  these,  only  Toronto  and  Cleveland  experienced  minor  peak  hour  over- 
loads, despite  the  fact  that  passenger  demand  on  the  suburban  commuter- 
oriented  PATCO  and  PATH  lines  is  very  sharply  peaked.    The  average 
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annual  occupancies  of  PATH  and  Edmonton  are  enhanced  by  high  utilization 
at  terminals,  which  serve  as  transfer  points  from  commuter  rail  and 
buses,  respectively;  the  Cleveland  line  has  an  exceptionally  high 
utilization  rate  in  off-peak-hours,  attained  by  running  many  one-car 
trains,  in  contrast  to  a  four-car  average  during  the  peak  hour.    The  use 
of  outer  terminals  is  relatively  low  in  Toronto,  on  PATCO  and  in  Cleve- 
land. 

Lastly,  Staten  Island  Rapid  Transit,  which  maintains  an  ade- 
quate space  standard  in  the  peak  hour,  had  at  13  percent,  the  lowest 
annual  passenger  occupancy  of  any  system.    Three  factors  combine  to 
explain  this:    the  lowest  off-peak  weekday  occupancy  (because  trains 
cannot  be  cut  to  one  car,  as  in  Cleveland),  the  lowest  weekend  occupancy 
(a  weekend  service  three-quarters  that  of  the  weekday  is  maintained  as  a 
matter  of  policy  even  as  demand  falls  to  one-fifth),  and  the  lowest 
outer  terminal  utilization  (0.7  percent  of  places  occupied  at  the  distant 
Tottenville  station  on  an  average  weekday). 

In  the  early  stage  of  their  operations,  new  systems  --  BART, 
WMATA  and  MARTA  --  also  had  occupancies  around  15  percent.    These  cannot 
be  considered  typical  of  mature  operations  except  for  BART,  which  was 
designed  for  a  very  generous  space  standard  with  100  percent  seating, 
akin  to  a  commuter  railroad.    If  evaluated  in  terms  of  seat-miles , 
rather  than  place-miles,  its  1980  load  factor  becomes  about  30,  rather 
than  15  percent. 

Light  rail  occupancies  appear  to  be  high,  averaging  about  27 
percent  (20  people  per  typical  PCC  car).    Peak  hour  overloads  are  fre- 
quent, even  though  the  peaks  in  intra-city  travel  are  relatively  flat. 
Incomplete  cordon  count  and  lacking  station  count  data  make  it  difficult 
to  explain  the  patterns  in  detail  or  to  verify  the  occupancy  figures. 

Occupancy  data  of  the  automated  peoplemovers  is  very  poor, 
extensive  federally-funded  assessment  studies  notwithstanding.    Most  of 
the  figures  are  rough  management  or  consultant  estimates;  only  Airtrans 
and  Morgantown  actually  count  their  passengers.    The  airport  operations 
appear  to  have  occupancies  in  the  8  to  14  percent  range,  while  Morgan- 
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town  boasts  28  percent,  a  reflection  of  a  partially  demand-responsive 
operation  and  multiple  peaks  throughout  the  day,  as  students  move 
between  classes  on  a  university  campus. 

In  sum,  because  of  strong  directional  imbalances  during  peak 
periods,  and  because  of  the  drop-off  in  traffic  towards  the  end  of 
lines,  most  urban  systems  cannot  hope  to  attain  occupancies  on  the  order 
of  50  percent,  such  as  are  realized  by  intercity  buses  on  a  seat-mile 
basis,  without  very  severe  peak  hour  overcrowding.    Still,  average 
annual  occupancies  of  some  25  percent  or  more  can  be  attained  without 
peak  hour  overloads  (i.e.,  no  less  than  5.4  sq.  ft.  per  passenger  during 
weekday  peaks)  if  two  conditions  are  met:    (a)  train  length  is  cut  back 
during  off-peak  and  weekend  hours  to  reflect  demand,  and  (b)  the  lines 
are  not  extended  so  far  as  to  result  in  low  use  at  outer  terminals. 

To  what  extent  cutbacks  in  train  length  between  peak  hours  can 
actually  result  in  labor  savings  is  a  question  to  which  there  is  no 
certain  answer;  much  depends  on  whether  cars  are  designed  for  easy 
uncoupling,  and  on  the  location  of  facilities  to  store  them.    It  is  only 
the  energy  savings  from  shorter  off-peak  train  length  that  are  certain. 
Lastly,  occupancy  factors  also  change  over  time,  just  as  worker  produc- 
tivity does.    By  1979,  the  New  York  subway  occupancy  was  up  to  31  per- 
cent, compared  with  25.6  percent  shown  here  for  1976,  due  to  rising 
patronage  and  higher  peak  overloads. 

Labor  output  in  passenger-miles  on  existing  systems,  shown  by 
the  shaded  bars  at  the  bottom  of  Exhibit  2.5,  can  be  summarized  after 
this  discussion  of  passenger  occupancy  in  terms  of  the  following  averages 
per  worker  per  year: 

85,000  passenger-miles  per  worker  on  five  automated  people- 
movers  ; 

150,000  passenger-miles  on  two  airport  peoplemovers  with 
highest  occupancies; 

150,000  passenger-miles  on  buses; 

160,000  passenger-miles  on  light  rail  and  streetcars; 
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260,000  passenger-miles  on  rapid  transit  overall; 

310.000  passenger-miles  on  six  new  rapid  transit  systems. 

All  of  these  averages  are  unweighted,  to  avoid  giving  undue 
prominence  to  New  York.    It  is  clear  that  low  occupancies,  character- 
istic of  start-up  operations  on  several  new  systems,  do  not  prevent  new 
rapid  transit  systems  as  a  group  from  having  twice  the  output  per  worker 
of  buses  on  a  passenger-mile  basis. 

Labor  requirement  per  place-mile  is  the  reciprocal  of  labor 
output  in  place-miles  per  employee,  and  is  a  value  that  can  be  directly 
translated  into  labor  cost  in  dollars.    To  determine  the  factors  that 
influence  this  value,  it  is  first  necessary  to  see  how  it  varies  with 
operating  speed.    This  is  shown  in  Exhibit  2.6,  which  relates  the  labor 
required  to  produce  a  million  place-miles  of  service  annually  to  operating 
speed.    Viewed  this  way,  the  labor  requirements  of  buses  and  to  some 
extent  of  rapid  transit  and  light  rail  fall  into  a  narrow  band,  which 
can  be  defined  by  constant  cost  per  place-hour  (cost  per  place-mile 
multiplied  by  operating  speed  in  miles  per  hour). 

For  example,  the  labor  cost  of  NYCTA  buses  is  1.852  employees 
per  million  place-miles,  while  that  of  NYCTA  rapid  transit  is  0.902,  a 
two-fold  difference.    Multiplied  by  the  respective  operating  speeds, 
however  (8.08  and  18.33  mph),  their  labor  cost  per  million  place-hours 
becomes  similar--15.0  versus  16.5  employees.    The  numerical  data  for  all 
the  other  systems  are  given  in  Table  A-6. 

All  29  bus  systems  for  which  data  are  assembled  fall  in  the 
cost  range  between  13  and  19  employees  per  million  place-hours;  6  out  of 
13  rapid  transit  systems  are  roughly  in  this  band,  as  are  4  out  of  9 
light  rail  systems;    3  rapid  transit  systems  fall  below,  However, 
only  one  automated  peoplemover  is  in  this  band;  the  others  are  either 
way  above  or  way  below.    This  huge  dispersion,  with  very  small  differ- 
ences in  peoplemover  operating  speed,  indicates  that  other  factors 
(including  service  volume  and  route  length)  explain  the  variation  in 
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labor  requirements  among  these  systems.    For  conventional  systems,  a 
different  conclusion  is  in  order. 

More  than  ha! f  of  the  difference  in  labor  requirements  per 
place-mile  among  bus  systems  is  due  to  differences  in  operating  speed. 
Differences  in  labor  requirements  among  rail  systems  shrink  by  two- 
fifths  when  equalized  for  speed.    The  effect  of  speed  on  labor  costs  is 
pervasive,  and  not  limited  to  the  ability  to  get  an  extra  run  out  of  a 
peak  hour  train,  as  is  sometimes  believed. 

The  labor  requirement  per  place-hour  removes  most  of  the 
effect  of  speed  and  enables  one  to  observe  the  impact  of  service  volume 
on  labor  cost.    The  range  of  labor  requirements  per  million  place-hours 
is  wide  --  from  more  than  35  workers  on  two  old  rail  systems  with  lighter 
volumes  and  single-car  operation  to  fewer  than  13  workers  on  three  new 
systems  with  medium  to  high  service  volumes  which  operate  trains.  The 
pattern  is  erratic  and  not  easily  interpreted  in  the  aggregate.  Exhibit 
2.7  disaggregates  the  labor  requirement  by  5  major  functions  and  plots 
each  against  service  volume. 

Starting  at  the  bottom,  the  employee  requirement  in  admin - 
i  strati  on  does  not  change  perceptibly  with  the  volume  of  service  per 
mile  of  line.    Some  of  the  variation  from  system  to  system  is  simply  due 
to  differences  in  worker  classification.    The  average  requirement  across 
all  volumes  is  about  2.4  administrative  workers  per  million  place-hours 
of  service,  similar  to  the  bus  average  of  2.3. 

Next,  vehicle  maintenance  requirements  also  fail  to  show  any 
change  with  rising  volume  of  service.    However,  vehicle  maintenance 
requirements,  even  when  calculated  per  place-hour,  still  have  a  tendency 
to  rise  with  operating  speed,  because  of  greater  vehicle  use  per  hour  at 
higher  speeds.    This  relationship  is  portrayed  subsequently  in  Exhibit 
2.8a.    Excluding  the  exceptionally  high  maintenance  needs  of  the  Boston 
and  Pittsburgh  streetcars,  the  average  labor  requirement  rises  from 
about  3.1  vehicle  maintenance  workers  per  million  place-hours  annually 
at  an  operating  speed  of  9  mph  (14.5  km/h)  to  about  4.4  at  30  mph  (48 
km/h).    At  an  average  bus  speed  of  12.5  mph  (20  km/h)  the  rail  vehicle 
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maintenance  requirement  of  3.3  workers  per  million  place-hours  is  iden- 
tical to  that  of  the  bus.    Theoretically,  one  would  expect  electrically 
propelled  rail  vehicles  to  be  less  costly  to  maintain  than  buses.  Also, 
one  would  expect  rail  vehicles  equipped  with  automatic  train  operation 
(ATO)  to  have  above-average  maintenance  requirements.    The  data  reported 
by  the  transit  agencies  fail  to  show  any  such  patterns  if  vehicle  size 
and  operating  speed  is  properly  taken  into  account,  as  in  Exhibit  2.8a. 

Returning  to  the  top  of  Exhibit  2.7,  one  can  see  that  the 
labor  requirement  for^rail  vehicle  operation  does  indeed  decline  rather 
consistently  with  service  volume,  from  about  10  to  13  workers  per  million 
place-hours  at  the  lowest  volume  to  1.5  at  the  highest.    This  compares 
to  about  10.4  vehicle  operating  employees  per  million  place-hours  on 
buses.    Workers  engaged  in  vehicle  operation  are  defined  here  to  include 
motormen  or  drivers  and  conductors  as  well  as  dispatchers  and  similar 
stationary  personnel. 

The  savings  in  operating  labor  at  higher  volumes  of  service 
are  in  part  offset  by  two  categories  of  workers  who  nominally  do  not 
exist  on  bus  systems,  namely  those  engaged  in  maintenance  of  way,  power 
and  signals  and  those  in  station  maintenance  and  fare  collection.  On 
newer  systems  in  the  upper  range  of  service  volume  per  line-mile,  the 
requirement  for  maintenance-of-way  personnel  averages  about  3.4  per 
million  place-hours.    Some  older  systems,  particularly  those  with  multi- 
track  layouts  (New  York,  Philadelphia)  require  substantially  more.  In 
the  lower  range  of  service  volume,  the  need  for  a  fairly  constant  mini- 
mum number  of  employees  per  mile  of  line  causes  the  requirement  per 
place-hour  to  rise  hyperbolically  with  declining  volume.    The  station 
requirement  increases  from  zero  on  the  more  lightly  travelled  surface 
streetcar  lines  to  some  2.5  on  more  heavily  used  rapid  transit  systems; 
it  can  be  substantially  higher,  if  moderate  volumes  are  served  by  fully 
manned  stations. 

For  rail  systems  to  have  lower  labor  requirements  than  buses 
at  an  equal  speed  (fewer  workers  per  place-hour),  the  economies  attained 
by  train  operation  must  exceed  the  added  cost  of  stations  and  right-of- 
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Exhibit  2.7 

Labor  Requirement  Related  to  the  Volume  of  Service,  by  Function 
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way  maintenance.    This  is  not  possible  at  very  low  volumes  of  service, 
where  operating  savings  are  small  and  the  fixed  costs  of  right-of-way 
maintenance  are  large.    It  is  possible  at  moderate  volumes,  if  close 
attention  is  paid  to  maintenance-of-way  labor,  station  labor  and  train 
operation. 

Most  automated  peoplemovers  are  not  included  in  Exhibit  2.7 
because  the  observations  are  so  widely  scattered  and  no  labor  classifi- 
cation comparable  to  rail  is  available.    Discussion  must  necessarily 
focus  on  Airtrans,  which  provides  such  classification.    The  trade-off 
between  unmanned  vehicles  and  the  high  cost  of  maintaining  them  at 
Airtrans  works  out  modestly  in  favor  of  automation.    Conventional  rail 
vehicles  with  its  service  volume  and  speed  require  some  6  workers  per 
million  place-hours  for  operation,  and  about  3  for  maintenance;  Airtrans 
requires  nearly  7  for  maintenance  but  only  1  for  operation.    Way  and 
power  and  station  labor  requirements  per  million  place-hours  at  Airtrans 
are  similar  to  conventional  rail.    Administrative  requirements  are  low, 
being  in  part  carried  by  the  airport  agency.    Even  raising  them  to  the 
transit  industry  average,  the  total  labor  requirement  of  Airtrans  be- 
comes 15.6  (instead  of  the  actual  14.4)  workers  per  place-hour,  just 
below  the  16  worker  per  million  place-hours  average  of  buses. 

Design  of  fixed  guideway  operations.    The  discussion  so  far 
has  indicated  the  extent  to  which  higher  speed,  higher  service  volume, 
and  automation  can  reduce  the  labor  cost  of  fixed  guideway  operations 
under  conditions  that  are  pretty  much  average,  and  include  a  variety  of 
physical  and  institutional  constraints  that  can  be  avoided  on  new  systems. 
Two  questions  are  appropriate:    How  far  can  labor  requirements  be  reduced 
under  the  best  existing,  rather  than  average,  conditions?    What  is  the 
lower  volume  threshold  of  fixed  guideway  operation  at  which  labor 
savings  compared  to  buses  can  be  attained? 

To  construct  a  model  of  labor  requirements  on  future  systems 
approaching  the  best  existing,  rather  than  average  practice,  two  assump- 
tions are  made  at  the  outset.    One,  following  Exhibit  2.7,  is  that  the 
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number  of  employees  needed  for  administration  is  constant  across  all 
operating  conditions,  and  equals  the  present  bus  and  rail  average  of  2.3 
per  place-hour.    While  some  properties  may  be  administratively  top- 
heavy,  there  are  others  whose  management  capabilities  would  be  enhanced 
by  more  administrative  personnel. 

The  second  assumption  is  that  vehicle  maintenance  needs  are 
also  set  at  present  average  levels  per  place-hour,  which  vary  in  rela- 
tion to  speed  as  depicted  in  Exhibit  2.8a.    Variation  in  vehicle  main- 
tenance requirements  from  system  to  system  suggests  that  economies  in 
this  category  are  possible.    However,  the  trend  for  vehicles  to  have 
air-conditioning,  more  sophisticated  electrical  equipment,  finer  passen- 
ger appointments  and  a  more  complex  structure  (such  as  an  articulation 
joint  on  large  light  rail  cars)  will  tend  to  push  maintenance  costs  up, 
even  when  well-publicized  bugs  in  the  recent  generation  of  equipment  are 
removed.    For  small,  fully  automated  vehicles  with  no  operator  on  board, 
the  maintenance  requirement  is  assumed  at  twice  that  of  conventional 
vehicles  at  comparable  speed.    This  is  significantly  below  Morgantown, 
slightly  below  Airtrans,  but  substantially  above  the  other  two  airport 
peoplemovers.    The  labor  requirement  per  place-hour--not  per  place-mile, 
per  vehicle,  or  otherwise—is  chosen  for  these  two  categories  because  it 
has  the  least  variation  around  the  mean  value. 

With  these  two  types  of  labor  set  essentially  at  present 
levels  (which,  except  for  peoplemover  car  maintenance,  are  applicable  to 
buses  as  well),  the  remaining  categories  of  right-of-way  maintenance, 
stations  and  train  operation  require  closer  attention. 

The  labor  needs  for  maintaining  way,  power  and  signals  are 
best  related  directly  to  the  length  of  a  line,  adjusted  for  the  number 
of  tracks.    Newer  rapid  transit  systems  average  about  2.3  track-miles 
per  line-mile,  and  the  number  of  employees  per  mile  shown  in  Exhibit 
2.8b  is  standardized  for  this  trackage;  the  light  rail  figures  are  not 
adjusted.    Three  outlying  observations  aside,  the  number  of  employees 
per  mile  of  light  rail  or  streetcar  line  is  in  the  range  of  1.6  to  5.1; 
the  Airtrans  peoplemover  is  also  in  that  range.    Older  systems  and  the 
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complex  Montreal  rubber-ti red-and-steel -wheel  guideway  aside,  the  number 
of  employees  per  mile  of  rapid  transit  line  ranges  from  3.3  on  PATCO  and 
4.9  on  TTC  to  7.9  on  BART  and  10.3  on  WMATA.    There  is  some  tendency  for 
the  maintenance  of  way,  power  and  signals  employees  to  increase  with 
increasing  service  volume.    In  deference  to  this,  the  selected  function 
("assumed"  lower  range  in  Exhibit  2.8-b)  is  taken  to  rise  between  a 
volume  of  10  million  and  a  volume  of  50  million  place-miles  per  line- 
mile  as  shown.    At  lower  and  higher  volumes  the  labor  requirement  for 
maintenance  of  way,  power  and  signals  is  assumed  to  be  constant  per  mile 
of  line.    This  overstates  the  requirement  of  systems  such  as  MARTA  and 
TTC  by  over  50  percent,  and  may  understate  the  requirement  of  systems  in 
the  lowest  volume  range,  but  seems  to  fit  the  important  intermediate 
range  reasonably  well.    For  light  rail,  the  maintenance-of-way  require- 
ment may  be  set  at  a  constant  4.5  workers  per  mile  above  30  million 
place-miles  per  line-mile. 

The  labor  needs  of  station  maintenance  and  fare  collection  are 
best  related  to  the  number  of  stations.    The  chart  in  Exhibit  2.9c 
indicates  that  there  are  mainly  three  kinds  of  fixed  guideway  operation: 
(a)  streetcar-type,  which  have  no  station  employees  at  all,  (b)  those 
with  unattended  enclosed  stations,  which  require  upkeep  of  platforms  and 
of  fare  collection  equipment,  (c)  those  with  fully  attended  stations, 
which  have  a  passenger  service  agent  present  at  most  times,  and  which 
typically  also  require  more  upkeep.    At  least  2.0  employees  per  station 
are  required  for  the  second  type  of  operation,  and  at  least  9.0,  for  the 
third  type.    Depending  on  how  frequently  stations  of  each  type  are 
spaced  (a  function  of  operating  speed),  the  station  labor  requirement 
becomes  a  fixed  cost  per  mile  of  line,  so  that  the  station  cost  per 
place-mile  declines  with  traffic  density,  but  the  cost  per  place-hour 
increases  with  speed.    Unless  carefully  controlled,  this  fixed  station 
labor  requirement  can  negate  economies  of  train  operation  at  moderate  to 
low  volumes  of  service. 

The  labor  requirement  for  vehicle  operation  on  conventional 
systems  is  primarily  a  function  of  train  size.    The  dashed  line  in 
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Exhibit  2.8 

Employee  Ratios  for  Maintenance  of  Vehicles  and  Right-of-Way 
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Exhibit  2.9  shows  the  theoretical  peak  hour  train  size  at  each  volume  of 
service,  vf  one  assumes  that  the  headway  stays  at  7.5  minutes  (8  trains 
per  hour)  and  if  average  peaking  conditions  prevail.  Above-average 
peaking  of  service  could  conceivably  increase  the  train  size  at  each 
level  of  annual  volume  by  20  percent  or  more,  but  reducing  the  minimum 
peak  hour  headway  to  a  more  convenient  6  minutes  would  reduce  it  by  20 
percent.    The  curve  is  closely  approached  by  six  existing  operations. 

If  the  vehicle  operator  requirement  were  directly  proportional 
to  the  number  of  individual  operating  units  (buses  or  trains),  train 
operation  at  the  assumed  frequency  would  indeed  result  in  very  dramatic 
reductions  in  manpower.    At  a  volume  of  5  million  place-miles  per  line- 
mile  (950  places  per  direction  per  peak  hour  or  the  lower  threshold  of 
existing  light  rail  operations),  8  trains  would  replace  16  regular  (61- 
place)  or  10  articulated  (93-place)  buses,  for  a  50  or  a  20  percent 
saving,  respectively.    At  a  volume  of  20  million  place-miles  per  line- 
mile,  (the  threshold  of  existing  rapid  transit  operations)  the  respec- 
tive savings  in  operating  labor  would  be  87  or  80  percent. 

Why  are  savings  of  this  magnitude  not  evident  on  existing 
systems?    First  of  all,  most  of  the  existing  streetcar  lines  do  not 
operate  trains;  their  vehicle  size,  only  marginally  larger  than  a  bus, 
does  not  begin  to  compensate  for  the  extra  cost  of  right-of-way  mainten- 
ance.   Second,  of  the  three  light  rail  systems  that  do  operate  trains, 
two  require  an  operator  on  each  car,  negating  possible  savings.  Rapid 
transit  systems  other  than  those  with  AT0,  as  a  rule,  operate  trains 
with  two  crew  members  on  board.    Third,  the  hours  of  operation  for  a 
train  are  inherently  longer  than  for  a  bus,  requiring  more  back-up 
workers  for  other  shifts.    There  is  less  of  a  difference  between  rail 
cars  and  buses  in  terms  of  hours  operated  per  vehicle,  but  rail  cars 
dropped  from  a  train  during  off-peak  hours  result  in  no  saving  in  oper- 
ating labor,  while  buses  not  operating  off-peak  do  result  in  fewer 
employees  needed  per  peak  hour  bus.    Thus  a  typical  requirement  per  bus 
in  use  during  the  peak  hour  that  may  clock  no  more  than  3,000  hours  a 
year  is  about  2  bus  drivers;  a  train  which  averages  3,600  hours  of 
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Exhibit  2.9 

Train  Size  Related  to  Service  Volume 
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annual  operation  (Table  A-7)  would  require  closer  to  three  motormen  for 
that  reason  alone.    In  addition,  rail  systems  require  more  off-vehicle 
operating  personnel  for  dispatching,  control  and  operation  of  yards, 
which  easily  adds  20  to  30  percent  to  the  motormen  and  conductors. 
Also,  work  rules  and  crew  assignment  practices  on  rapid  transit  tend  to 
require  more  workers  than  would  be  needed  on  a  bus  or  on  a  streetcar. 
The  New  York  City  Transit  Authority  requires  5.2  motormen    alone  per 
peak  hour  train  in  use.    In  part,  this  is  a  consequence  of  long  runs  per 
train.    It  is  difficult  to  fit  these  into  the  working  day  of  a  crew, 
considering  breaks  for  lunch  and  the  time  the  crew  needs  to  get  to  the 
train.    With  a  smaller  system,  Toronto  requires  only  half  as  many.  To 
insure  observance  of  its  close  1.5  minute  headway,  PATH  places  special 
car  inspectors  at  key  locations  during  peak  periods.    These  are  not 
needed  on  systems  with  less  stringent  schedules. 

In  practice,  the  number  of  vehicle  operating  employees  (not 
just  motormen)  per  train  varies  over  a  broad  range,  even  if  crew  size  is 
the  same  (line  25  in  Table  A-6).    A  reasonable  minimum  with  one-man 
crews  is  4.5  operating  personnel  per  peak  hour  train  in  use,  similar  to 
PATCO,  WMATA  and  Edmonton.    With  curtailed  evening  and  weekend  service 
and  with  a  simple  operation  requiring  few  off-train  operating  workers, 
this  figure  may  drop  to  3.0. 

The  number  of  trains  that  have  to  be  in  use  during  the  peak 
hour  to  operate  a  given  schedule  --  such  as  the  8  train  per  hour  fre- 
quency assumed  in  Exhibit  2.9  --  will  depend  on  how  fast  a  train  can 
turn  around.    For  example,  for  a  one-mile  run  at  16  mph  (or  two  miles 
round-trip)  one  train  can  return  8  times,  providing  the  necessary  fre- 
quency.   Therefore,  4.5  operating  employees  per  line-mile  are  needed  to 
carry  any  volume  up  to  about  60  million  place-miles  per  line-mile,  at 
which  point  an  assumed  constraint  on  train  length  (10  cars  @  142  places) 
precludes  further  reductions  in  operating  cost  (for  the  lower  labor 
requirement  of  3.0  employees  per  peak  hour  train,  appropriate  for 


*0f  these,  26  percent  are  yard  motormen,  solely  concerned  with 
train  movements  in  yards. 
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simple  light  rail  operations,  a  similar  train  size  constraint  is  assumed 
at  3  cars  @  113  places).    At  a  higher  speed,  fewer  trains,  and  at  a 
lower  speed,  more  trains  per  mile  will  be  needed. 

On  fully  automated  systems,  vehicle  operator  requirements 
represent,  within  limits,  a  fixed  figure.    Only  8  to  12  people  at  the 
central  console  operate  in  shifts  systems  as  varied  as  Seattle-Tacoma, 
Airtrans  and  Morgantown,  which  differ  seven-fold  in  the  number  of  place- 
miles  produced.    In  this  case,  increasing  the  speed  will  not  reduce  the 
operating  personnel  needs,  and  the  relationship  to  volume  per  line-mile 
will  depend  on  the  length  of  the  route.    The  shorter  systems,  and  the 
ones  with  lighter  volumes,  will  tend  to  be  penalized.    Assuming  10 
employees  per  central  operating  console,  the  operating  labor  requirement 
for  a  one-mile  system  with  the  traffic  density  of  Fairlane  (4  million 
place-miles  per  line-mile)  will  be  2.5  workers  per  million  place-miles, 
two  and  a  half  times  greater  than  a  bus  at  comparable  speed.    For  a 
five-mile  system  with  the  traffic  density  of  the  Tampa  airport  people- 
mover  (40  million  place-miles  per  line-mile),  the  labor  requirement  will 
be  only  0.05  workers  per  million  place-miles,  or  5  percent  of  what  it 
costs  in  manpower  to  operate  a  bus.    Of  course,  for  a  comparative  assess- 
ment, all  the  other  categories  of  labor  must  be  added  to  that  of  vehicle 
operation. 

Illustrative  calculations  of  labor  requirements  for  rapid 
transit,  light  rail  and  automated  peoplemovers,  based  on  these  detailed 
assumptions  are  presented  in  Exhibit  2.10.    They  are  shown  for  arbi- 
trarily selected  levels  of  service  volume,  and  for  a  range  of  service 
frequencies  (or  route  lengths,  in  the  case  of  peoplemovers).  Repeated 
for  each  level  of  service  volume,  these  calculations  result  in  the 
curves  shown  in  Exhibit  2.11,  which  indicate  how  labor  cost  in  workers 
needed  per  million  place-miles  varies  with  service  volume,  if  operating 
speed,  service  frequency,  and  the  type  of  stations  are  specified,  and  if 
conditions  approaching  the  best  existing  practice,  rather  than  average 
practice,  are  assumed  for  operating  and  wayside  personnel. 
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From  Exhibit  2.11  one  can  draw  the  following  conclusions: 

1.  For  fixed  guideways  to  attain  lower  labor  costs  per  place- 
mile  than  prevailing  bus  operations,  extremely  low  volumes  of  service 
are  sufficient. 

a.  At  4  million  place-miles  per  line-mile  (equivalent  to  13 
buses  per  direction  in  the  peak  hour  or  the  lowest  light  rail  volume 
encountered  in  practice),  a  lean  light  rail  line  operating  at  least  8 
trains  an  hour  at  20  mph  (32  km/h)  may  begin  to  offer  labor  economies 
compared  to  buses  at  the  typical  areawide  operating  speed  of  12.5  mph 
(20  km/h). 

b.  At  6  million  place-miles  per  line-mile  --  one-third  of 
the  lowest  volume  encountered  in  practice  --  a  rapid  transit  line  with 
unmanned  stations  operating  8  trains  an  hour  at  25  mph  (40  km/h)  may 
begin  to  offer  labor  economies  compared  to  buses  at  the  typical  areawide 
operating  speed  of  12.5  mph  (20  km/h).    This  threshold  moves  up  to  18 
million  place-miles  per  line-mile  (56  bus  equivalents)  if  the  service 
frequency  is  doubled  to  16  trains  an  hour,  and  if.  in  addition,  the 
stations  are  fully  attended. 

c.  At  10  million  place-miles  per  line-mile  (31  peak  hour  bus 
equivalents)  an  automated  peoplemover  1  mile  long  operating  at  10  mph 
(16  km/h)  may  begin  to  offer  labor  economies  compared  to  buses  at  the 
typical  downtown  speed  of  6  mph  (10  km/h).    This  threshold  can  be  re- 
duced if  the  peoplemover  is  longer. 

2 .  For  fixed  guideways  to  attain  lower  labor  costs  than  buses 

at  an  equal  speed,  substantially  higher  volumes  of  service  are  required. 

a.  At  about  8  million  place-miles  per  line-mile  (26  peak- 
hour  bus  equivalents)  a  light  rail  line  operating  at  least  8  trains  per- 
hour  at  20  mph  (32  km/h)  may  begin  to  offer  labor  economies  compared  to 
a  mix  of  local  and  express  buses  at  an  equal  speed. 

b.  At  about  23  million  place-miles  per  line-mile  (72  peak- 
hour  bus  equivalents  and  just  above  the  threshold  of  existing  service)  a 
rapid  transit  line  operating  at  least  8  trains  per  hour  at  25  mph  (32 
km/h)  may  begin  to  offer  labor  economies  compared  to  a  mix  of  express 
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Exhibit  2.10 

Illustrative  Calculations  of  Labor  Requirements  for  Rapid  Transit,  Light  Rail,  Bus  on  Busway,  and  Automated  Peoplemover 

Given:        a)  Rapid  transit  line  9  miles  long  with  5,700  peak-hour  passengers  in  one  direction  at  maximum  load  point  on  a 
weekday;  25  mph  gross  operating  speed  including  layover  (32  mph  net  speed);  cars  of  71  m^  gross  floor  area  or 
142  places  each;  unattended  stations,  no  short-turning  of  trains,  1  passenger  for  1  place  in  peak  hour  at  maximum 
load  point. 

Assume:     Typical  peaking  at  about  1 1 .8%  of  all-day  service  in  1  direction  during  peak  hour,  310  weekday  equivalents  in 
a  year. 

Therefore:  5,700:  0.1 18  =  48,400  (rounded)  places  per  direction  per  day  x  2  directions  x  9  miles  x  310  days  = 
270  million  annual  place-miles;  10.8  million  annual  place-hours;  30  million  place-miles/line-mile 


and: 


5,700:  142  places/car  =  40  (rounded)  cars  needed  crossing  cordon  in  1  direction  during  peak  hour. 


Assuming  the  following  headways: 
This  requires  a  frequency  of: 


1 0  min. 

6  trains 
@  7  cars 


7.5  min. 

8  trains 
@  5  cars 


6  min. 

10  trains 
@  4  cars 


4  min. 

15  trains 
@  3  cars 


3  min. 

20  trains 
@  2  cars 


18-mile  round-trip  of  25  mph  requires  0.72 
hours,  meaning  actual  train  sets  needed  for 
peak-hour  operation  exclusive  of  spares  and 
rounded  up  (30-35  cars  needed;  this  variation 
ignored  in  calculations  below): 

Operating  workers  needed  @  4.5  assumed  in 
text  per  peak-hour  train  set  in  use  (rounded  up): 

Vehicle  maintenance  workers  needed  at  25  mph 
@  4.2/million  place-hours  (Exhibit  2.9a): 


5  trains 


23 


45 


6  trains 


27 


45 


8  trains 


36 


1 1  trains 


50 


1 5  trains 


68 


45 


45 


45 


Maintenance-of-way  workers  needed  @  4.5/mile 

at  30  million  place-miles/line-mile  (Exhibit  2.9b):  41 

Station  workers  needed  for  10  unattended 

stations  at  25  mph  @  2  per  station  (Exhibit  2.9c):  20 


41 


20 


41 


20 


41 


20 


41 


20 


Administrative  workers  needed  @  2.3/million 

place-hours  (Exhibit  2.8e):  25               25               25               25  25 

TOTAL  WORKERS  NEEDED:                           154  158              167              181  199 

per  million  place-miles:  0.570           0.585           0.619           0.670  0.737 

per  million  place-hours:  14.25           14.63           15.46           16.75  18.43 

Estimated  dollar  cost  per  place-mile  in  1977  prices 
assuming  $20,700  per  worker  per  year  and  labor 

cost  as  80%  of  operating  and  maintenance  cost:  1.47^           1.51d           1 .60<zf           1.73^  1.90c' 


Estimated  dollar  cost  per  passenger-mile  in 

1977  prices  assuming  23%  average  occupancy:  6.4cf  6. 6c7  7 .0c/  7.5cf  8.3ef 
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Exhibit  2.10  (cont'd.) 

Illustrative  Calculations  of  Labor  Requirements  for  Rapid  Transit,  Light  Rail,  Bus  on  Busway,  and  Automated  Peoplemover 

Given:        b)  Light  rail  line  9  miles  long  with  2,800  peak-hour  passengers  in  one  direction  at  maximum  load  point  on  a 
weekday;  20  mph  gross  operating  speed  including  layover  (27  mph  net  speed);  cars  of  70m^  gross  floor  area 
or  140  places  each;  curbside-type  stops  with  self-service  fare  collection;  no  short-turning  of  trains,  1  passenger 
for  1  place  in  peak  hour  at  maximum  load  point. 

Assume:     Typical  peaking  at  about  1 1 .8%  of  all-day  service  in  1  direction  during  peak  hour,  310  weekday  equivalents 
in  a  year. 

Therefore:  2,800:  0.1 18  =  23,730  places  per  direction  per  day  x  2  directions  x  9  miles  x  310  days  = 

132.4  million  annual  place-miles;  6.6  million  annual  place-hours;  14.7  million  place-miles/line-mile. 

and:  2,800:  140  places/car  =  20  cars  needed  crossing  cordon  in  1  direction  during  peak  hour. 


Assuming  the  following  headways:         12min.  7.5  min.       6  min.  3  min. 

This  requires  a  frequency  of  :  5  trains         8  trains       10  trains       20  trains 

@  4  cars       @  2.5  cars     @  2  cars       @  1  car 


18-mile  round-trip  at  20  mph  requires  0.9  hours,  meaning 
actual  train  sets  needed  for  peak-hour  operation  exclusive 
of  spares  and  rounded  up: 

Operating  workers  needed  @  3.0  assumed  in  text  per 
peak-hour  train  set  in  use: 

Vehicle  maintenance  workers  needed  @  3.8/million 
place-hours  (Exhibit  2.9a): 

Maintenance-of-way  workers  needed  @  2.2/mile  at 
14.7  million  place-miles/line-mile  (Exhibit  2.9b: 

Administrative  workers  needed  @  2.3/million 
place-hours  (Exhibit  2.8c): 

TOTALWORKERS  NEEDED: 

per  million  place-miles: 
per  million  place-hours: 


5  trains  8  trains  9  trains       18  trains 

@  4  cars  @  2.5  cars  @  2  cars  @  1  car 

15  24  27  54 

25  25  25  25 

20  20  20  20 

15  15  15  15 

75  84  87  114 

0.566  0.634  0.657  0.861 

11.32  12.69  13.14  17.22 


Estimated  dollar  cost  per  place-mile  in  1977  prices  assuming 
520,700  per  worker  per  year  and  labor  cost  at  80%  of  total 

operating  and  maintenance  cost:  1 .46^  1.640"  1.70c'  2.22</ 


Estimated  dollar  cost  per  passenter-mile  in  1977  prices 

assuming  23%  average  occupancy :  6.4d  7.1c'  7.4<zf  9.6c" 
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Exhibit  2.10  (cont'd.) 

Illustrative  Calculations  of  Labor  Requirements  for  Rapid  Transit,  Light  Rail,  Bus  on  Busway,  and  Automated  Peoplemover 
c)  Express  bus  on  exclusive  busway  comparison  for  identical  conditions. 

2,800  peak-hour  places  per  direction  at  maximum  load  point  :  63  places/standard  bus  =  45  buses  crossing  cordon,  or:  1 .33  min 

headway 


2,800  :  93  places/  articulated  large  bus  =  30  buses  crossing  cordon,  or: 

18-mile  round-trip  at  20  mph  requires  0.9  hours,  meaning  actual  buses  needed  for  peak-hour 
operation  exclusive  of  spares  and  rounded  up: 

Operating  workers  needed  @  2  per  peak-hour  bus  in  use  (incl.  dispatchers  &  supervisors): 
Vehicle  maintenance  workers  needed  @  3.8/million  place-hours  (same  as  above): 
Maintenance-of-way  workers  needed  assumed  @  0.75/mile: 
Administrative  workers  needed  @  2.3/million  place-hours  (same  as  above): 
TOTALWORKERS  NEEDED: 

per  million  place-miles: 

per  million  place-hours: 

Estimated  dollar  cost  in  1977  prices  assuming  $20,700  per  worker  per  year  and  labor  cost 
at  80%  of  total  operating  and  maintenance  cost: 

Estimated  dollar  cost  per  passenger-mile  in  1977  prices  assuming  23%  average  occupancy: 


2  min. 
headway 


27  buses 

54 

25 

7 
15 
101 

0.763 
15.25 

1 .97^ 
8.6«f 


41  buses 

82 

25 

7 
15 
129 

0.974 
19.48 

2.52cf 
1 1.0cf 


Given:        d)  Automated  peoplemover  1  mile,  3  miles,  and  5  miles  long  with  a  service  density  of  15  million  annual  place- 
miles  per  line-mile,  gross  operating  speed  of  10  mph  and  partially  attended  stations  a'la  Airtrans. 
Annual  total  1 5,  45  and  75  million  place-miles;  1 .5,  4.5  and  7.5  million  place-hours,  respectively. 

1  mile          3  miles  5  miles 

Operating  workers  needed  @  10  per  central  console:                                    10               10  10 

Vehicle  maintenance  workers  at  twice  the  rate  of  Exhibit  2.9a 

or  6  worker/million  place-hours  at  1 0  mph:                                                9               27  45 

Maintenance-of-way  workers  @  2/station  with  Vz  mile  spacing:                         6               14  22 

Administrative  workers  @  2.3/million  place-hours  (Exhibit  2.8c):                      3                11  17 

TOTALWORKERS  NEEDED:                                                                 31               69  106 

per  million  place-miles:                                                              2.06             1.53  1.41 

per  million  place-hours:                                                         20.6            15.3  14.1 
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and  local  buses  at  an  equal  speed.    This  threshold  moves  up  to  35  mil- 
lion place-miles  per  line-mile  (109  peak  hour  bus  equivalents)  if  the 
service  frequency  is  doubled  to  16  trains  an  hour;  and  to  about  70 
million  place-miles  per  line-mile  (218  peak  hour  bus  equivalents),  if  in 
addition  the  stations  are  fully  attended. 

c.     At  about  23  million  place-miles  per  line-mile  (72  peak 
hour  bus  equivalents)  an  automated  peoplemover  one  mile  long  operating 
at  10  mph  (16  km/h)  may  begin  to  offer  labor  economies  compared  to 
buses  operating  at  the  same  speed.    This  threshold  can  be  reduced  to  14 
million  place-miles  per  line-mile  (44  peak  hour  bus  equivalents)  if  the 
peoplemover  is  about  three  miles  (4.8  km)  long.    It  can  be  reduced 
further  to  about  7  million  place-miles  per  line-mile,  if  in  addition  its 
stations  are  completely  unattended. 

It  is  clear  that  the  degree  of  station  attendance  has  a  sig- 
nificant influence  on  the  labor  cost  of  all  fixed  guideway  systems.  If 
the  object  is  to  attain  labor  economies  compared  to  the  bus  at  the  same 
speed,  fully  attended  stations  on  rapid  transit  can  only  be  provided  in 
the  high-volume  range  of  some  70  or  more  place-miles  per  line-mile 
annually,  comparable  to  WMATA.    For  lower  volumes,  high-level  platforms 
with  either  automatic  or  self-service  fare  collection  are  appropriate. 
Yet  even  the  cost  of  unattended  enclosed  high-level  platform  stations 
begins  to  be  a  burden  at  traffic  densities  below  about  23  million  place- 
miles  per  line-mile,  at  which  point  sidewalk-level  platforms  with 
basically  no  station  expense  become  appropriate  in  the  pure  light  rail 
mode.    Of  course,  boarding  delays  associated  with  low-level  platforms 
and  the  limited  grade-separation  restrict  the  operating  speed  in  this 
case  to  at  most  20  mph  (32  km/h),  as  in  the  illustrative  operation  shown 
in  Exhibit  2.10  and  2.11. 

A  note  on  express  bus  operations.    As  a  yardstick  of  compari- 
son, Exhibit  2.11  uses  bus  labor  costs  at  speeds  of  6,  10,  12.5,  15,  20 
and  25  mph,  derived  by  dividing  the  average  systemwide  bus  requirement 
of  16  workers  per  million  annual  place-hours  by  the  respective  operating 
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speed.    However,  systemwide  operating  speeds  above  15  mph  (24  km/h)  do 
not  occur  in  practice.    Such  speeds  imply  a  strong  presence  of  express 
services.    An  operating  speed  of  25  mph  (40  km/h)  is  about  the  limit  of 
urban  express  runs,  since  it  represents  a  schedule  speed  of  about  35 
mph,  which  is  rarely  reached  on  an  entire  route. 

It  is  by  no  means  clear  that  the  systemwide  labor  requirement 
per  place  hour  which  holds  true  in  the  6  to  15  mph  range  also  continues 
in  the  express  range,  because  of  numerous  idiosyncrasies  of  the  express 
operations.    For  example,  they  often  have  extensive  dead-head  mileage 
(up  to  60  percent  of  daily  vehicle-hours)  and  a  low  utilization  of  bus 
driver  time,  unless  part-time  workers  are  employed  or  split  shifts  are 
common.    Because  of  the  part-time  nature  of  the  services,  the  driver 
requirement  per  peak  hour  bus  in  use  may  often  appear  to  be  very  low, 
but  the  resulting  service  is  in  no  way  equivalent  to  fixed  guideway 
service  with  reasonable  off-peak  and  weekend  frequency. 

While  empirical  analysis  of  express  bus  operations  is  beyond 
the  scope  of  this  book,  the  data  presented  so  far  makes  it  possible  to 
synthesize  the  labor  requirements  of  an  express  bus  operation  on  busway 
that  would  provide  service  pretty  much  equivalent  to  a  fixed  guideway. 
It  is  recognized  that  a  bus  on  busway  may  not  attain  the  same  speed  with 
the  same  number  of  stops  as,  let  us  say,  light  rail  throughout  the  day 
because  of  vehicle  performance  and  station  boarding  delay,  but  instead 
provide  greater  service  frequency.    Usually,  the  tendency  in  designing 
express  bus  operations  is  the  opposite,  namely  to  reduce  the  number  of 
stops  to  maximize  speed,  sacrificing  some  travel  between  intermediate 
points.    The  exact  magnitude  of  these  tradeoffs  can  be  determined  only 
in  a  site-specific  analysis  of  alternatives  when  exact  origins,  des- 
tinations, and  the  potential  time  savings  between  them  are  known.    For  a 
generic  comparison,  it  is  assumed  that  an  express  bus  service  with 
large,  articulated  vehicles  can  attain  the  same  20  mph  operating  speed 
(27  mph  schedule  speed)  with  stops  every  0.7  miles  as  light  rail.  This 
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i llustrati ve  service  is  depicted  in  Exhibit  2.10c  and  marked  by  the 
dotted  curve  in  Exhibit  2.11. 

A  basic  premise  of  the  labor  requirements  model  used  here  is 
that  vehicle  maintenance  and  administrative  costs  of  buses  and  fixed 
guideways  on  a  place-hour  basis  are  the  same.    This  leaves  only  the 
vehicle  operator  and  the  maintenance-of-way  requirements  to  be  compared, 
since  station  labor  on  express  buses  (except  in  the  case  of  operations 
into  bus  terminals,  off-vehicle  fare  collection  on  high-density  routes, 
or  upkeep  of  bus  shelters)  can  be  largely  ignored. 

If  20-hour  service  comparable  to  a  fixed  guideway  is  to  be 
provided,  with  half  the  weekday  service  on  weekends  and  holidays,  as  is 
assumed  here  for  the  rail  systems  (310  weekday  service  equivalents  in  a 
year),  then  a  ratio  of  1.5  vehicle  operating  personnel  per  bus  in  peak 
hour  service  or  less,  typical  of  many  local  bus  systems  is  not  suffi- 
cient.   Including  dispatchers  and  line  supervisors,  at  least  2  workers 
per  bus  are  needed,  compared  to  an  assumed  3  operating  workers  per  peak 
hour  light  rail  train  in  use  and  4.5  per  peak  hour  rapid  transit  train 
in  use. 

If  the  operation  is  to  be  on  an  exclusive  busway,  maintenance- 
of-way  personnel  are  also  needed.    One  way  to  infer  this  requirement  is 
by  comparison  with  freeways  which  carry  heavy  vehicles.    The  New  Jersey 
Turnpike  and  the  New  York  State  Thruway  employ  an  average  of  0.52  main- 
tenance-of-way workers  per  lane-mile,  suggesting  1.04  per  two-lane  mile 

18 

of  busway.    An  alternate  estimate  by  Louis  T.  Klauder  and  Associates 
is  about  0.65  per  two-lane  mile.    An  intermediate  value  of  0.75  is  used 
in  Exhibit  2.10c.    It  is  lower  than  that  on  light  rail  because  no  elec- 
trical systems  are  involved.    The  earlier  replacement  need  of  highway- 
type  pavement  is  ignored,  being  basically  a  capital  expense. 

Adding  these  labor  needs  for  an  illustrative  service  with 
2,800  passengers  per  hour  per  direction  at  the  maximum  load  point  (14.7 
million  place-miles  per  line-mile,  same  as  on  the  light  rail  line  shown 
in  Exhibits  2.10  and  2.11)  results  in  a  requirement  for  19.5  workers  per 
million  place-hours  with  standard  63-place  buses,  and  15.3  workers  per 
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mi 11 i on  place-hours  with  articulated  93-place  buses.    This  is  more  than 
the  16  and  12.6  workers  per  million  place-hours  that  one  would  expect  by 
simply  extrapolating  from  standard  buses  in  local  service,  and  more  than 
is  shown  for  light  rail  with  6-  to  12-minute  frequencies  in  Exhibit  2.10b. 

As  a  result,  Exhibit  2.11  suggests  that  an  express  bus  opera- 
tion with  large,  articulated  vehicles  on  an  exclusive  busway  attains 
lower  labor  costs  than  a  light  rail  line  with  equivalent  service  only  at 
volumes  below  8  million  place-miles  per  line-mile  (about  25  regular  bus 
equivalents  per  peak  direction  per  hour),  a  volume  at  which  the  provi- 
sion of  any  exclusive  guideway  --  bus  or  rail  --  begins  to  be  tenuous. 

The  example  is  presented  to  illustrate  the  issues  involved, 
not  to  "prove"  that  light  rail  is  necessarily  more  labor-efficient  than 
articulated  bus  on  busway  at  volumes  above  8  million  place-miles  per 
line-mile.    The  issues  revolve  around  the  operating  labor  requirement  per 
peak  hour  moving  unit  (bus  or  train)  in  service,  and  guideway  maintenance 
requirements.    Their  relative  magnitudes  determine  where  the  break-even 
point  between  bus-on-busway  and  light  rail  occurs.    Unfortunately,  data 
for  precisely  these  two  functions  show  large  variability  from  system  to 
system  in  the  rail  case,  and  are  based  on  indirect  evidence  in  the  bus 
case.    Because  the  express  bus  and  rail  labor  cost  curves  intersect  at 
small  angles,  a  modest  vertical  shift  in  total  labor  requirements  re- 
sults in  a  large  shift  in  the  "break-even"  service  volume  on  the  log- 
arithmic horizontal  scale.    For  example,  if  the  light  rail  labor  require- 
ment for  maintenance-of-way  were  3.0  rather  than  1.5  workers  per  mile  of 
line,  articulated  bus-on-busway  would  be  more  labor-efficient  at  volumes 
up  to  13  rather  than  8  million  place-miles  per  line  mile.    Both  the 
nature  of  the  data  and  the  nature  of  the  relationship  are  such  that 
arguments  concerning  the  labor  saving  merits  of  articulated  buses  versus 
light  rail  vehicles  cannot  be  easily  settled. 

More  important  than  the  exact  break-even  point  in  bus-to-rail 
comparisons  is  the  marginal  labor  required  for  providing  more  capacity. 
A  moot  issue  in  the  years  of  transit  ridership  decline,  this  becomes 
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important  when  transit  ridership  is  growing.    If  one  sets  the  labor  cost 
of  providing  the  equivalent  of  15  million  annual  place-miles  of  service 
per  mile  of  line  by  any  mode  equal  to  one,  then  the  cost  of  doubling  and 
quadrupling  this  amount  of  service  by  each  of  the  modes  is  as  shown 
below  based  on  the  labor  requirements  model  presented. 

Articulated  Light  rail  Automated  Rapid  transit 
bus  on  at  equal        people-  @8  016 

busway  speed  mover  trains/hour 

Labor  cost  of  pro- 
viding 15  million 
place-miles  per 

mile  of  line  1 .0  1.0  1 .0  1 .0     1 .0 

annually 

Labor  cost  of 

doubling  service  1.9  1.7  1.6  1.5  1.4 

vol ume 

Labor  cost  of 

quadrupling  3.8  3.0  2.8  2.5  2.1 

service  volume 

It  is  clear  that  in  the  range  of  service  volumes  shown  --  from 
2,850  to  11,400  places  per  peak  hour  per  direction  at  the  maximum  load 
point  (the  equivalent  of  47  to  187  standard  buses  per  hour)  the  fixed 
guideway  modes  show  very  dramatic  returns  to  scale.    If  traffic  growth 
is  anticipated,  the  marginal  labor  cost  of  providing  more  service  cannot 
be  overlooked  in  comparing  alternatives. 

4.    Energy  Requirements. 

From  the  energy  viewpoint,  the  key  feature  of  urban  fixed 
guideways  is  that  they  rely  on  electric  propulsion.    The  differences 
between  it  and  liquid  fuel  propulsion,  typical  of  most  free-wheeled 
vehicles,  concern  both  the  quality  of  the  environment  and  the  quantity 
of  the  primary  energy  resources  consumed.    Environmental  side-effects 
are  mentioned  here  only  briefly,  because  they  depend  in  large  part  on 
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the  means  of  electric  power  generation.    The  focus  is  on  the  ability  of 
rail  systems  to  attain  savings  in  primary  energy  resources  compared  to 
the  modes  previously  used.    For  that  purpose,  what  amounts  to  an  energy 
requirements  model  is  developed,  which  first  focuses  on  the  difference 
between  gross  resource  input  and  net  energy  requirements.    It  then  deals 
with  energy  requirements  for  vehicle  operation,  vehicle  maintenance, 
vehicle  manufacture,  wayside  facilities  and  stations,  and  guideway 
construction.    The  latter  two  categories  represent  fixed  expenditures 
which  cause  total  energy  requirements  to  vary  with  travel  volume.  To 
calculate  actual  energy  savings,  both  indirect  effects  of  travel  diver- 
sion to  rail,  and  prospective  changes  in  the  energy-efficiency  of  dif- 
ferent modes  are  dealt  with  in  conclusion. 

Electricity  vs.  liquid  fuels:    environmental  side-effects. 
Electric  propulsion  has  the  obvious  advantage  of  removing  the  source  of 
air  pollution  from  the  passenger  and,  under  favorable  conditions,  also 
reducing  the  total  emissions  into  the  atmosphere.    The  latter  will 
depend  on  the  fuel  used  and  the  control  devices  installed  at  local  power 
plants.    With  the  national  average  mix  of  fuels  used  to  generate  elec- 
tricity and  no  stack  controls,  carbon  monoxide  and  hydrocarbon  emissions 
are  cut  about  90  percent  compared  to  diesel  propulsion.  Nitrogen 
oxides  are  moderately  reduced.    Sulfur  oxide  and  particulate  emissions 
are  greatly  increased,  though  powerplant  particulates  may  be  less  toxic 
than  diesel  particulates.    The  net  effect  is  to  increase  total  emissions, 
measured  in  grams  per  place-mile,  about  20  percent  compared  to  diesel 
bus;  however,  if  stack  controls  removing  only  half  the  sulfur  oxides  and 

particulates  are  in  operation,  electric  propulsion  results  in  about  30 
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percent  less  total  emissions  than  diesel.       Greater  efficiencies  of 
stack  controls  or  power  plants  less  dependent  on  fossil  fuels  than  the 
national  average  will  provide  greater  gains. 

Important  for  passenger  comfort  and  for  the  well-being  of 
pedestrians,  electric  propulsion  is  odorless  and  quiet.    It  eliminates 
vibration,  characteristic  of  reciprocating  internal  combustion  engines, 
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thereby  prolonging  vehicle  life.    It  sharply  cuts  the  need  for  guideway 
ventilation  if  the  system  operates  in  a  tunnel,  and  therefore  usually 
remains  the  only  feasible  choice  when  underground  operation  is  envisaged, 
Last  but  not  least,  close  to  one-quarter  of  the  nation's  electrical 
energy  already  comes  from  solar  (hydropower)  and  nuclear  sources  rather 
than  from  burning  petroleum  or  other  fossil  fuels. 

Electricity  vs.  liquid  fuels:    requirements  for  vehicle  oper- 
ation.   With  respect  to  the  total  amount  of  energy  consumed,  the  energy 
system  associated  with  the  diesel  engine,  used  on  most  buses,  is  often 
credited  to  be  more  economical  than  present-day  electrical  systems. 
This  premise  requires  investigation. 

To  begin  with,  the  difference  between  net  and  gross  energy 
consumption  for  operating  the  vehicles  must  be  established.    Net  energy 
is  that  delivered  to  the  vehicle,  whether  in  the  form  of  electricity, 
diesel  oil,  or  gasoline.    Gross  energy  is  the  amount  of  primary  energy 
sources  (coal,  crude  oil,  or  their  equivalent  in  other  energy  forms) 
that  must  be  extracted  to  make  the  eventual  delivery  to  the  vehicle. 
From  the  viewpoint  of  the  national  economy,  it  is  the  gross  cost  in 
resources  that  matters.    Between  extraction  and  final  delivery,  numerous 
steps  involve  energy  losses,  as  shown  below. 

Electricity  Transport  fuels 

Gross  use,  energy  units        1  ,000  1  ,000 

-1.5%  used  in  delivery  985        -17.3%  used  in 

delivery  and 
lost  in  refin- 
ing ancLdistri- 
bution 

-67.1%  heat  loss  at 

powerplants  324 

-8.0%  loss  in  transmission  298AC 

.  20 

-2.5%  loss  in  conversion 
Net  available  for  vehicle 

operation  290  DC  827 

Gross  as  a  multiple  of  net  3.45  1.21 
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Only  29.0  percent  of  the  energy  originally  contained  in  the 
coal  extracted  at  a  mine,  for  example,  reaches  the  electric  transit 
vehicle,  whereas  82.7  percent  of  the  energy  in  the  crude  oil  extracted 
reaches  the  internal  combustion-powered  vehicle.    For  this  reason,  the 
heat  content  of  the  energy  used  by  electric  and  diesel  vehicles,  3,413 
Btu  per  kilowatt  hour  and  136,000  Btu  per  gallon  diesel  oil,  must  be 
multiplied  by  3.45  and  1.21,  respectively,  to  bring  both  measures  to  the 
common  denominator  of  gross  energy  input  needed  for  vehicle  operation.* 
It  is  on  this  basis  that  the  comparison  between  liquid  fuel  and  electric 
vehicles  in  Exhibit  2.12  is  done.    As  in  the  rest  of  this  chapter, 
energy  use  for  vehicle  operation  is  given  per  place-mile,  rather  than 
per  vehicle-mile,  to  take  account  of  different  vehicle  sizes;  it  is  then 
related  to  average  operating  speed. 

The  gross  energy  requirements  for  vehicle  operation  on  most  of 
the  eight  rapid-transit  systems  for  which  comparable  data  are  available 
(and  on  the  electrified  territory  of  the  Long  Island  Rail  Road,  with 
rolling  stock  similar  to  rapid  transit)  are  tightly  clustered  around  the 
average  value  of  0.057  KWh  or  670  Btu  per  place-mile  (150  Cal .  per 
place-km).    This  value  is  nearly  independent  of  speed:    the  energy 
needed  for  frequent  acceleration  on  the  slower  systems  roughly  balances 
that  needed  to  attain  high  speed  on  the  faster  systems.    The  two  out- 
lying observations  in  the  high-speed  range,  PATC0  (highest  energy  use) 
and  BART  (lowest  energy  use)  are  explained  by  differences  in  weight  and 
in  the  electrical  system.**  Both  of  these  cars,  and  the  LIRR  cars  have 
air-conditioning,  which  many  of  those  in  the  lower  speed  range  do  not. 


*The  0.29  energy  efficiency  of  the  electrical  system  may  not  be 
applicable  in  areas  where  marginal  additions  to  electrical  capacity  can 
be  provided  from  hydro  power. 

**BART  has  chopper  controls  and  is  designed  for  regenerative  braking, 
but  the  latter  is  not  fully  effective  with  low  service  frequency,  when 
the  third  rail  lacks  receptivity  for  the  regenerated  power. 
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Buses,  if  measured  in  terms  of  gross  energy  use  for  vehicle 
operation  per  place-mile,  are  not  necessarily  more  energy  efficient  than 
rapid  transit.    The  intersection  of  the  two  curves  in  Exhibit  2.12  shows 
that  in  the  speed  range  where  most  urban  buses  operate  --  around  12  mph 
(19.3  km/h)  they  use  the  same  gross  energy  as  electric  rapid  transit, 
about  670  Btu  per  place-mile  (105  Cal  per  place-km).    This  figure  (which 
at  0.25  gallons  per  mile  also  represents  the  national  average  for 
1976*)  may  rise  to  800  Btu  (126  Cal/km)  in  downtowns  where  speeds  are 
slow  and  decline  to  415  Btu  (65  Cal/km)  at  intercity  freeway  speeds, 
where  buses  need  less  energy  to  operate  than  rapid  transit. 
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Light  rail  energy  statistics  are  sparse.       It  is  often 
difficult  to  separate  the  electricity  used  by  different  types  of  ve- 
hicles operated  by  a  multi -modal  agency  supplied  from  a  common  network. 
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The  handbook  figure  of  4.6  kWh  per  vehicle-mile  for  a  typical  PCC  car 

translates  into  about  785  Btu  per  place-mile  (123  Cal  per  place-km)  by 

the  accounting  used  here.    This,  however,  reflects  a  driving  cycle  with 

some  10  stops  per  mile  (6  per  km).    The  NJT  Newark  line,  with  2.3  stops 

per  mile,  reports  its  use  of  electricity  at  4.2  kWh  per  vehicle-mile, 

the  same  as  rapid  transit  on  a  place-mile  basis.    Energy  use  figures 

listed  in  Table  A-6  for  other  streetcar  and  light  rail  systems  include 

shop  power  and  wayside  facilities  and  do  not  show  the  consumption  for 

vehicle  operation  separately.    The  electricity  use  of  the  Boeing  light 

rail  vehicle  is  reported  to  be  about  26  percent  higher  than  that  of  the 
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PCC  car.       By  contrast  the  new  Edmonton  system  uses  3.82  kwh  per  vehicle 
mile  or  370  Btu  per  place-mile  (58  Cal/km).    Because  its  German  DuWag 
car  is  to  be  used  on  new  systems  in  Calgary,  San  Diego  and  Portland, 
this  value  is  adopted  for  Exhibit  3.13.    However,  the  performance  of  the 
car  is  sluggish,  and  for  an  operating  speed  of  20  mph  it  requires  close 
to  a  1-mile  station  spacing,  not  0.7  miles  used  elsewhere  in  this 
study. 

*Nationally  fuel  use  per  bus-mile  has  not  been  static,  but  has  in- 
creased from  0.240  gallons  in  1970  to  0.264  gallons  in  1978;  advanced- 
design  buses  use  close  to  0.300  gallons  per  bus-mile. 
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For  small  vehicle,  driverless  peoplemover  systems,  the  Air- 
trans  and  Sea-Tac  data  on  electricity  use  for  vehicle  operation  appear 
to  be  fairly  representative,  averaging  580  Btu  of  gross  use  per  place- 
mile  (91  Cal  per  place-km).    This  is  similar  to  the  energy  use  of  an- 
other rubber-tired  vehicle  propelled  by  electricity,  namely  the  trolley- 
bus, which  uses  about  700  Btu  per  place-mile  (110  Cal/km).    Two  trolley- 
bus observations*  are  included  in  Exhibit  2.12.    The  inherent  energy 
disadvantage  of  rubber-tired  vehicles  compared  to  those  with  steel 
wheels  is  not  apparent  from  the  exhibit,  because  differences  in  vehicle 
weight  per  passenger  place  play  a  larger  role  than  the  difference  in 
rolling  resistance. 

The  overall  pattern  is  that  both  fixed  guideway  and  free- 
wheeled mass  transit  vehicles  have  similar  energy  requirements  for 
vehicle  operation,  regardless  of  diesel  or  electric  propulsion.  The 
greater  efficiency  of  the  electrical  motor  compared  to  the  diesel 
engine  is  offset  by  greater  losses  in  conversion  from  the  primary 

energy  source.    Thus,  both  bus  and  rail  requirements  are  about  one-third 
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those  of  the  traditional  auto  in  local  urban  use.       Obviously,  if 

recalculated  per  passenger-mile,  these  levels  will  vary  depending  on  how 

many  of  the  passenger  places  are  in  fact  occupied. 

A  23.3  percent  occupancy,  average  for  the  urban  rail  systems 

reviewed  here  (but  optimistic  for  the  bus,  which  averages  19  percent) 

corresponds  to  1.4  persons  per  auto  with  six  passenger  places.    Such  an 
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occupancy  is  not  atypical  for  urban  weekday  use     and  for  that  case  the 
relationships  shown  remain  valid  with  respect  to  energy  required  per 
passenger-mile  as  well  as  per  place-mile. 

Unquestionably,  the  short-term  prospect  is  for  the  energy  gap 
between  the  auto  and  the  mass  transit  modes  to  narrow.    Yet,  even  if 
energy  consumption  per  mile  for  all  autos  were  cut  in  half  compared  to 

*In  New  York  City  in  1954-57,  trolleybuses  averaging  6.64  mph  used 
3.64  kWh  per  vehicle-mile;  in  Dayton,  Ohio,  in  1975  trolleybuses  averaging 
10.09  mph  used  3.63  kWh  per  vehicle-mile.    Each  had  about  60  passenger 
places.    Interestingly,  with  a  diesel  fuel  cost  of  $1.00  per  gallon, 
electricity  for  trolleybuses  becomes  less  expensive  if  it  costs  less 
than  7.2$  per  kWh. 
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Exhibit  2.12 

Gross  Energy  Requirement  for  Vehicle  Operation 


Auto,  electric,  4  places,  0.744  KWh/VMT 
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1972-76  levels  shown  in  Exhibit  2.12,  in  local  urban  driving  the  auto 
would  still  use  45  percent  more  energy  than  existing  rail  transit  if  1.4 
persons  per  car  and  23.3  percent  transit  occupancy  are  assumed.    For  the 
auto  to  become  competitive  with  rail  at  that  point  its  occupancy  would 
have  to  increase  to  2.0,  or  transit  occupancy  would  have  to  drop  to  16 
percent. 

For  the  long  term,  further  reductions  in  auto  energy  use  per 
mile  --  say,  to  one-third  the  1972-76  level  --  will  be  more  difficult  to 
attain  and  offset  to  some  extent  by  changing  relationships  between  gross 
and  net  energy  use.    With  more  co-generation  to  reduce  thermal  loss  at 
powerplants,  the  energy  cost  of  electricity  will  decline.    Meanwhile,  as 
synthetic  fuels  are  substituted  for  petroleum,  the  energy  cost  of  liquid 
fuels  will  rise.    Oil  extracted  from  the  Athabasca  sands  delivers  but  70 
percent  of  the  original  energy  to  the  consumer.    The  conversion  effi- 
ciency for  oil  from  shale  is  expected  to  be  around  60  percent,  and  that 
for  advanced  coal  liquification  methods  --  65  to  55  percent.  Coal 
1  iquification  processes  developed  in  Germany  by  1929  have  a  conversion 
efficiency  of  45  to  37  percent,  not  much  better  than  electricity  gener- 
ation. 

The  convergence  in  efficiency  rates  between  electricity  and 

liquified  fuels  will  tend  to  favor  fixed  or  semi-fixed  guideway  vehicles 

which  rely  on  continuous  or  at  least  frequent  electric  supply  --  be  they 

rail  vehicles,  trolleybuses  or  flywheel  buses  --  at  the  expense  of 

vehicles  which  rely  on  liquid  fuels.    Regenerative  braking  with  or 

without  flywheels  (which  have  shown  energy  savings  on  the  order  of  20 
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percent)     also  seems  to  be  more  suitable  for  electric  vehicles. 

The  prospect  of  an  electric  automobile  relying  on  battery- 
stored,  rather  than  continuous  supply  of  electricity,  promises  no  more 
competition  to  the  fixed  guideway  modes  than  an  efficient  internal 
combustion  auto.    This  is  so  because  electric  autos  incur  energy  losses 
during  battery  charge  and  in  the  battery  itself;  these  total  40  to  48 
percent  at  present.    Also,  the  weight  of  the  battery  leads  to  unpro- 
ductive energy  expenditures  in  driving.    Current  models  average  about 
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0.185  kWh  per  seat-mile  (0.115  kWh  per  place-km,  measured  at  the  wall 
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outlet)  for  vehicles  with  4  passenger  places.       This  performance  is 
indicated  at  the  top  of  Exhibit  2.12  and  is  very  similar  to  the  1972-76 
internal  combustion  auto  in  urban  use,  prior  to  the  advent  of  federal 
standards.    The  best  performance  currently  hoped  for,  with  improved 
batteries  and  regenerative  braking,  is  0.1  kWh  per  seat-mile  for  a  4- 
seat  auto.    On  Exhibit  2.12,  this  would  appear  in  a  position  similar  to 
the  internal  combustion  auto  in  urban  use  at  24  miles  per  gallon,  still 
significantly  above  the  mass  transit  modes. 

Energy  requirements  for  other  than  vehicle  operation  are 

poorly  documented,  but  cannot  be  overlooked.    On  rail  lines,  the  energy 

consumed  by  maintenance  yards,  wayside  equipment  and  stations  may  add  up 

to  40  percent  or  more  to  the  energy  for  vehicle  operation.  Vehicle 

manufacture  and  guideway  construction  require  additional  energy.    For  a 

sense  of  scale,  the  indirect  consumption  by  all  transportation  in  the 

United  States,  estimated  from  input-output  data,  adds  about  40  percent 

to  the  gross  fuel  used  for  operating  vehicles,  or  70  percent  to  the  net 
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fuel  used.       For  the  private  auto  at  nationwide  average  fuel  efficiency, 
the  increment  to  gross  fuel  used  for  operation  is  composed  of  about  20 
percent  for  repair,  service  and  sales,  11  percent  for  manufacture,  and  9 
percent  for  roadway  construction  and  resurfacing.    Bus  energy  require- 
ments for  maintenance  alone  have  been  estimated  to  add  anywhere  from  2 
to  20  percent  to  the  gross  fuel  use."^ 

On  fixed  guideways,  maintenance  energy  and  wayside  energy  must 
be  viewed  separately.    The  energy  used  for  vehicle  maintenance  depends 

on  fleet  size  and,  related  to  fleet  output,  has  been  estimated  at  0.003 
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kWh  per  place-mile.       By  contrast,  wayside  and  station  energy  is  mostly 
a  fixed  cost  that  declines  per  place-mile  as  traffic  density  per  line  of 
mile  increases.     It  varies  with  the  spacing  of  stations,  the  type  of 
construction  (above-ground  or  under-ground)  and  the  type  of  ventilation 
(with  or  without  costly  air-cooling).    Wayside  and  station  energy  require- 
ments for  three  systems  --  CTA,  NYCTA,  and  the  new  PATC0  line  --  appear 
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to  be  similar,  averaging  130,000  kWh  annually  per  mile  of  above-ground 
line  and  900,000  kWh*  per  mile  of  underground  line.    These  values  are 
arrived  at  by  assuming  that  differences  among  the  three  systems  are  due 
to  different  mileages  of  tunnel.    BART  is  about  36  percent  higher,  while 
PATH  is  38  percent  lower.    The  former  two  values  are  used  to  calculate 
total  energy  costs  in  Exhibit  2.13.    The  extra  cost  of  air-cooling  can 
be  estimated,  based  only  on  the  PATH  World  Trade  Center  Station,  at  2.14 
KW  per  1,000  cubic  feet  (28.3  m3)  including  track  areas  and  depends  on 
the  hours  of  the  cooling  season. 

Comparable  maintenance,  wayside  and  station  energy  data  for 
light  rail  may  be  inferred  by  subtracting  the  "handbook"  value  of  PCC 
car  electric  consumption  from  "total  power  purchased"  by  four  systems 
that  operated  such  cars  in  1976  and  are  listed  in  Table  A-6.  This 
excess  of  total  power  purchased  over  power  assumed  to  be  used  for 
vehicle  operation  averages  about  36  percent.    It  includes  power  for 
vehicle  maintenance,  shops  and  yards,  wayside  facilities  including 
station  lighting,  and  in  some  cases  also  converter  losses  substantially 
in  excess  of  the  2.5  percent  used  earlier,  because  of  obsolete  equip- 
ment.   Assuming  that  vehicle  maintenance  requirements  remain  the  same  as 
for  rapid  transit  at  0.003  kWh  per  place-mile  and  making  an  allowance 
for  the  extra  losses,  one  concludes  that  wayside,  yard  and  station- 
related  power  needs  may  average  some  230,000  kWh  annually  per  mile  of 
line  or,  given  the  proportion  of  lines  above  ground  and  underground, 
perhaps  two-thi rds  the  level  of  rapid  transit.    On  the  other  hand, 
Edmonton's  requirements  for  wayside  and  station  energy,  averaging  about 
1  million  kWh  per  mile  of  line  (22  percent  of  which  is  in  tunnel)  are 
about  three  times  what  one  would  expect  on  the  basis  of  average  rapid 
transit  requirements.32    Two  elaborate  downtown  subway  stations  are  res- 
ponsible for  most  of  this  use.    Clearly,  without  closer  engineering 
investigation,  light  rail  wayside  and  station  energy  costs  cannot  be 


*This  is  mostly  AC  current,  and  hence  convertible  into  Btu  at 
11,467  rather  than  11,775  Btu  per  kWh.    With  8,760  hours  in  a  year,  the 
tunnel  figure  represents  about  100  KW  per  mile. 
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estimated  with  certainty.    For  purposes  of  Exhibit  2.13,  the  same 
figures  as  for  rapid  transit  are  used. 

The  excess  of  electric  power  purchased  over  power  used  to 
operate  peoplemovers  is  80  percent  or  more,  exclusive  of  snow  melting. 
Subtracting  the  small  vehicle  maintenance  requirement  (assumed  at  twice 
the  rate  of  rail  vehicles)  and  prorating  over  the  length  of  guideway 
equivalent  to  two  lanes  or  tracks,  one  is  left  with  an  annual  wayside 
and  station  energy  consumption  of  680,000  kWh/mile  on  Airtrans  and, 
900,000  kWh/mile  on  the  underground  Sea-Tac  system.    These  figures  are 
used  in  Exhibit  2.13  to  calculate  above-ground  and  below-ground  people- 
mover  requirements. 

The  current  generation  of  rubber-tired  peoplemover  vehicles 
which  use  concrete  guideways  and  apply  power  through  the  wheels  may 
incur  a  very  large  additional  wayside  energy  expense  for  snow  removal. 
The  Morgantown  line  was  built  to  melt  snow  by  piping  a  liquid  heated  by 
natural  gas  through  the  guideway  and  Fairlane,  by  using  electrical  re- 
sistance heating.    Airtrans  was  not  equipped  to  melt  snow  and  even  the 
modest  snowfall  in  the  Dallas-Ft.  Worth  area  put  it  fully  or  partially 
out  of  service  for  142  hours  in  the  winter  of  1976-77.    That  same  winter 

the  Morgantown  heating  system  operated  for  350  hours  on  a  total  of  80 
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days,  and  the  previous  winter,  for  558  hours  on  41  days.       The  1976-77 
Morgantown  heating  requirement  at  10.4  billion  Btu  (2.62  billion  Cal . ) 
of  gas  per  year  per  single-lane  mile  of  guideway  was  about  1.6  times 
that  of  all  other  operating  and  wayside  energy.    The  Fairlane  heating 
requirement,  at  1.3  million  kWh  (14.9  billion  Btu)  per  year  per  single- 
lane  mile  of  guideway  for  an  unspecified  number  of  hours  the  same  year 
was  about  2.2  times  that  of  all  other  operating  and  wayside  energy.  For 
the  next  season,  Fairlane  adopted  a  policy  of  operating  at  half  speed 
when  snowfall  is  light,  and  shutting  down  the  system  to  clean  it  mechan- 
ically when  snowfall  is  heavy.    Accepting  this  degree  of  unreliability 
may  be  difficult  on  systems  that  serve  traffic  less  discretionary  than 
that  at  Fairlane. 
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For  Exhibit  2.13,  a  heating  period  of  250  hours  per  year  is 
selected  to  reflect  middle-latitude  U.S.  cities  with  about  25  inches  (64 
cm)  of  annual  snowfall,  and  the  thermally  more  efficient  gas  heating 
system  is  assumed,  for  an  annual  requirement  of  15  billion  Btu  per  two- 
lane  mile  (2.35  billion  Cal  per  two-lane  Km). 

Obviously,  there  are  ways  of  avoiding  the  guideway  heating 
requirement  altogether.    One  is  to  build  rubber-tired  systems  only  in 
snow-free  climates,  such  as  Miami  or  Los  Angeles.    Another  is  to  accept 
more  or  less  severe  service  interruptions,  as  on  Airtrans  and  later 
Fairlane.    A  third  is  to  place  the  guideway  entirely  underground,  as 
Sea-Tac  (and  the  Montreal  rapid  transit  system)  have  done.    As  will 
become  apparent  from  Exhibit  2.15,  underground  operation  can  be  more 
energy-efficient  than  snow  melting,  the  higher  energy  cost  of  under- 
ground construction  and  operation  notwithstanding.    A  fourth  and  seem- 
ingly most  promising  way  is  to  abandon  rubber-on-concrete  propulsion 
and  support  systems  and  use  weather-protected  rail  with  traction  from  a 
linear  motor  as  the  Cabintaxi  system,  does,  or  an  adaptation  of  the  con- 
ventional steel -wheel -on-steel -rail  technology,  as  the  "two-in-one 
guideway,"  known  as  "Project  21"  proposes  to  do.3^ 

The  energy  needed  to  manufacture  and  periodically  replace  ve- 
hicles is  a  small  fraction  of  total  transportation  energy,  but  it  does 
vary  among  modes  due  to  the  different  longevity  of  the  equipment. 
Studies  using  different  methods  agree  that  it  takes  about  80,000  Btu 
(20,160  Cal)  to  manufacture  1  kilogram  of  an  automobile.35    While  a 
similar  figure  is  used  for  buses,  estimates  for  rail  cars  vary  as  much 
as  six-fold,  some  being  much  lower,  some  much  higher  per  unit  of  weight. 
This  is  in  part  due  to  differences  in  materials,  e.g.,  steel  vs.  aluminum. 
Here  it  is  assumed  for  simplicity  that  rail  cars  and  peoplemover  vehicles 
have  the  same  energy  cost  per  unit  of  weight  as  autos  and  buses.  On 
that  basis,  using  unit  weights  from  Table  A-5,  annual  miles  per  vehicle 
from  Table  A-6,  and  typical  replacement  cycles  (35  years  for  rail  cars, 
20  years  for  peoplemover  vehicles,  12.5  years  for  buses  and  10  years  or 
100,000  miles  for  the  auto),  manufacturing  energy  costs  per  place-mile 
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are  estimated  in  the  fourth  column  of  Exhibit  2.13.    Rapid  transit  by 
this  reckoning  has  the  lowest  requirement,  about  2  percent  of  its  gross 
vehicle  operating  energy,  and  the  bus  averages  about  5  percent.    It  is 
clear  that  even  doubling  or  tripling  the  rail  vehicle  manufacturing 
energy  consumption  will  not  make  any  major  comparative  difference. 

Lastly,  there  is  the  fixed  energy  cost  of  building  a  guideway, 
and  of  replacing  its  parts  as  they  wear  out.    Estimates  of  the  energy 
used  for  construction  are  either  derived  from  input-output  analysis  or 
from  engineering  inventories  of  materials  and  processes  used  in  con- 
struction.   The  first  method  is  subject  to  error  because  it  may  be 
difficult  to  identify  mass  transit  projects  in  aggregate  economic 
statistics.       Also,  differing  inflation  rates  for  different  inputs  and 
changes  in  technology  toward  greater  or  lesser  energy-intensity  make  it 
difficult  to  convert  historic  input-output  data  to  present-day  dollars. 
The  second  method  lacks  any  control  totals  and  fails  to  account  for 
indirect  effects.    As  a  result,  past  estimates  of  the  energy  needed  per 
dollar  or  construction  expenditure  for  rail  transit  have  varied  as  much 
as  tenfold.36 

Fortunately,  two  recent  studies  have  resolved  some  of  the 
differences  and  narrowed  this  range  greatly,  to  between  62,447  and 
71,000  Btu  per  1967  dollar,  when  total  national  energy  use  stood  at 
74,260  Btu  per  dollar  of  Gross  Domestic  Product37  (GDP).    By  1977,  GDP 
cost  40,800  Btu  per  dollar,  and  the  energy  content  of  a  fixed  guideway 
construction  dollar  shrank  to  between  26,000  and  34,000  Btu,  depending 
on  which  of  the  several  indices  of  inflation  in  the  construction  indus- 
try one  uses  to  adjust  the  1967  figures  and  ignoring  as  unknown  the 
impact  of  technological  change.    The  average  of  the  two  latter  values, 
30,000  Btu  in  1977  prices,  is  the  figure  used  to  calculate  guideway 
construction  expenditures  in  the  fifth  column  of  Exhibit  2.13. 

As  an  aside,  it  is  worth  noting  that  this  construction  energy 
per  dollar  is  lower  than  the  average  energy  cost  of  all  goods  and  ser- 
vices in  the  Gross  National  Product.    One  might  argue  that  investing 
money  in  transit  construction  rather  than  spending  it  on  the  average 
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basket  of  goods  and  services  in  and  of  itself  represents  an  energy 
saving.    On  the  other  hand,  the  Btu  per  dollar  value  for  rail  transit 
construction  is  not  much  below  the  highway  construction  value,  contrary 
to  earlier  estimates. 

The  one-time  energy  expenditure  for  construction  must  be 
converted  to  an  annual  cost  based  on  the  useful  life  of  the  various 
facilities.    The  major  difference  between  highway  and  fixed  guideway 
construction  is  in  longevity.    Highway  pavements  and  structures  do  begin 
to  fall  apart  after  20  years  or  earlier,  even  if  terrain  modification 
lasts  indefinitely.    By  contrast,  track  and  wayside  mechanical  and 
electrical  equipment  has  at  least  the  same  life  as  rolling  stock  --  35 
years.    Elevated  structures  and  stations  may  require  basic  rehabili- 
tation after  75  years.*    Tunnels  may  last  indefinitely,  but  to  avoid 
statistical  distortion,  their  amortization  period  here  is  limited  to  100 
years.    These  lifetimes,  weighted  according  to  the  share  of  total  con- 
struction cost  that  the  particular  component  of  construction  represents 
(see  Exhibit  2.17),  average  out  to  the  lifetimes  listed  in  the  fifth 
column  of  Exhibit  2.13.    The  indicated  cost  per  mile  of  line  in  1977 
dollars,  multiplied  by  30,000  Btu,  is  prorated  over  this  lifetime  and 
divided  into  place-miles  per  line-mile  for  each  of  the  fixed  guideway 
systems . 

Determining  the  energy  cost  of  pavement  construction  and  re- 
placement for  buses  is  difficult,  because  of  well-known  problems  with 
singling  out  the  costs  occasioned  by  any  one  particular  vehicle  class. 
The  massive  American  Association  of  State  Highway  Officials  (AASH0)  Road 

oo 

Test  of  the  early  1960s     has  shown  that  irrespective  of  pavement 
strength,  most  pavement  deterioration  is  caused  by  the  heaviest  vehicles, 
even  if  they  represent  a  small  fraction  of  total  traffic,  because  pave- 
ment damage  rises  with  the  fourth  power  of  axle-load  applications.  The 

*Rubber-tired  peoplemover  structures  exposed  to  the  elements  are 
assumed  to  require  much  earlier  replacement  of  the  wearing  surface. 
If  the  concrete  is  sufficiently  coarse  to  maintain  traction  as  the 
surface  wears,  water  penetration  begins  to  cause  corrosion  of  the 
reinforcing  bars  and  spalling. 
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axle-load  of  a  bus  being  roughly  10  times  that  of  an  auto,  it  would 
cause  10,000  times  the  damage  per  vehicle-mile,  or  about  1,000  times  the 
damage  per  place-mile.    Yet  the  roadway  construction  and  replacement 
cost  per  auto  place-mile,  estimated  from  input-output  data  at  160  Btu, 
consists  mostly  of  rural  and  suburban  highways  on  which  few  if  any  buses 
operate.    The  repavement  cost  of  urban  streets  and  freeways  which  are 
used  by  buses  is  not  known,  though  the  damage  to  them  is  quite  visible, 
especially  at  bus  stops  (where  special  concrete  pads  are  often  provided) 
and  on  curves  (where  lateral  displacement  of  asphalt  occurs).  Therefore, 
it  does  not  seem  unreasonable  to  assume  that  buses  require  twice  the 
roadway  construction  energy  of  autos  per  place-mile.    An  alternative 
scaling  exercise  is  to  look  at  the  energy  cost  of  building  a  bus-only 
facility,  such  as  the  El  Monte  busway  in  Los  Angeles  was  intended  to  be. 
Its  current  volume  of  buses  would  have  to  continue  to  use  it  for  63 
years  without  repavement    for  the  construction  energy  per  place-mile  to 
come  down  to  twice  that  of  the  auto,  or  320  Btu.    Most  likely  this 
figure,  assumed  for  buses  in  general,  is  not  excessive. 

Estimates  of  the  total  gross  energy  cost  of  autos,  buses 
and  fixed  guideway  vehicles,  consisting  of  vehicle  operation,  mainten- 
ance, wayside  and  station  requirements,  vehicle  manufacture  and  guideway 
construction  are  summarized  for  different  levels  of  volume  per  line-mile 
in  column  5  of  Exhibit  2.13  and  shown  graphically  in  Exhibit  2.15. 
Clearly,  the  total  energy  requirement  of  a  mode  is  not  a  fixed  number, 
but  a  variable  strongly  dependent  on  traffic  volume  in  the  case  of  fixed 
guideways,  and  influenced  by  speed  in  the  case  of  buses.  Additional 
factors,  such  as  regenerative  braking  on  rapid  transit,  air-conditioning 
of  enclosed  stations,  and  the  presence  or  absence  of  snow  melting  equip- 
ment on  rubber-tired  peoplemovers  can  strongly  affect  the  final  total. 
The  following  conclusions  can  be  drawn  from  Exhibit  2.15. 

1.      For  rail  systems  to  attain  lower  total  energy  costs  per  place- 
mile  than  a  5-place  auto  in  urban  use  at  24  mpg  --  a  performance  unlikely 
to  be  attained  fleet-wide  until  the  late  1990s  --  very  low  volumes  of 


-133- 


service  are  sufficient:    about  5  million  place-miles  per  line-mile  for 
light  rail,  8  million  place-miles  per  line-mile  for  rapid  transit  above 
ground  and  22  million  place-miles  per  line-mile  on  rapid  transit  in  a 
tunnel . 

2.  Rail  systems  can  attain  lower  total  energy  costs  than  buses 
operating  at  an  average  urban  speed  of  12  mph  (19  km/h)  at  medium  to 
high  service  volumes:    11  million  place-miles  per  line-mile  on  light 
rail,  23  million  place-miles  per  line-mile  on  above-ground  rapid  tran- 
sit, and  70  million  place-miles  per  line-mile  in  a  tunnel.  Regenerative 
braking  or  gravity-assisted  profiles  in  tunnels  (dipping  between  sta- 
tions) can  significantly  reduce  these  thresholds,  while  station  air- 
conditioning  will  raise  them. 

3.  Rubber-tired  peoplemovers  at  low  volumes  exceed  the  present 
urban  auto  in  total  energy  consumption  per  place-mile.    For  them  to 
attain  lower  total  energy  costs  than  the  future  auto  in  urban  use  at  24 
mpg,  service  volumes  above  13  million  place-miles  per  line-mile  are 
needed  without  snowmelting,  and  above  24  million  place-miles  per  line- 
mile  with  snowmelting  in  moderate  climates.    Without  snowmelting,  they 
attain  lower  total  energy  costs  than  buses  at  12  mph  (19.3  km/h)  only 
above  40  million  place-miles  per  line-mile. 

To  convert  the  total  energy  costs  per  place-mile  into  total 
costs  per  passenger-mi 1e ,  the  values  in  the  sixth  column  of  Exhibit  2.13 
must  be  multiplied  by  4.3  --  the  inverse  of  the  average  23.3  percent 
occupancy  ratio.    This  yields,  for  example,  12,340  Btu  per  passenger- 
mile  for  the  traditional  auto  in  urban  use,  8,560  Btu  for  the  assumed 
future  auto,  4,780  Btu  for  the  bus  at  average  urban  speed,  4,430  Btu  for 
rapid  transit  that  is  one-third  underground  and  carries  50  million 
place-miles  per  line-mile,  3,450  Btu  for  light  rail  at  20  million  place- 
miles  per  line-mile  with  a  frugal  car  and  so  on. 

The  basic  similarity  of  average  occupancies  per  passenger 
place  among  urban  autos  in  weekday  use,  rail  systems,  buses  and  the  only 
automated  peoplemover  that  operates  partly  in  a  downtown  setting  (Morgan- 
town)  makes  it  possible  to  bypass  this  step  in  calculating  energy  savings 
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from  new  fixed  guideways.    This  introduces,  at  most,  a  small  bias  in 
favor  of  the  bus,  and  possibly  some  bias  against  the  future  auto.*  Only 
if  there  is  reason  to  expect  different  occupancies,  must  the  conversion 
to  passenger-miles  be  made.    Thus  the  BART  occupancy  of  15  percent 
results  in  a  total  energy  use  of  6,800  Btu  per  passenger  mile  under  the 
assumptions  used  here,  not  the  4,430  just  mentioned.    Actual  BART  use  is 
higher  largely  because  station,  wayside  and  maintenance  energy  is  above 
the  averages  assumed  here. 

Calculation  of  energy  savings  attained  by  new  fixed  guideways 
requires  two  types  of  additional  information.    One,  knowledge  of  the 
former  travel  mode  of  the  new  fixed  guideway  users,  and  two,  consider- 
ation of  any  external  effects  that  occur  beyond  the  portion  of  the  trip 
that  is  replaced  by  the  new  facility.    Such  effects  involve  changes  in 
the  mode  of  travel  for  the  remainder  of  the  trip,  changes  in  door-to- 
door  trip  length,  and  changes  in  auto  ownership. 

The  mix  of  modes  that  a  fixed  guideway  replaces  has  a  strong 
bearing  on  how  much  energy  it  saves;  it  is  basically  the  diversion  from 
automobiles  that  results  in  savings.    Travel  surveys  on  the  PATCO  Lin- 
denwold  line,  on  BART  and  MBTA  South  Shore  extension  show  similar 
distributions  of  passengers  by  former  mode,  averaging  44  percent  di- 
verted from  buses,  36  percent  diverted  from  autos,  5  percent  diverted 
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from  other  modes  and  15  percent  newly  induced.  \ 

The  travel  estimates  for  future  systems  presented  later  in 
Chapter  IV  exclude  induced  travel.    For  consistency,  it  should  therefore 
be  excluded  from  the  calculation  of  energy  savings  as  well.  Grouping 
the  few  former  users  of  "other  modes"  with  bus  riders,  the  former  mode 


*With  5,  rather  than  6  places  per  auto,  a  23.3  percent  occupancy 
means  fewer  than  1.2  occupants  per  auto.    This  figure  may  not  be  unre- 
alistic for  the  future  in  light  of  declining  household  size  and  more 
autos  per  household.    After  all,  it  is  members  of  a  household  rather 
than  unrelated  car-poolers  that  account  for  a  vast  majority  of  the  non- 
driver  auto  occupants. 
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that  rail  replaces  can  be  taken  as  58  percent  bus  and  42  percent  auto.* 
On  downtown  peoplemovers,  roughly  one-third  of  the  travellers  are  likely 
to  be  former  pedestrians,  with  the  rest  evenly  split  between  auto  and 
bus.    A  weighted  average  energy  consumption  of  the  "former  mode"  for 
downtown  peoplemovers  is  therefore  significantly  lower  than  for  line- 
haul  rail  systems.    Subtracting  the  energy  consumption  of  a  fixed  guide- 
way  from  that  of  the  modes  formerly  used  by  its  patrons  one  can  arrive 
at  a  value  of  the  energy  saving,  as  shown  in  column  2  of  Exhibit  2.14. 

The  saving  thus  calculated  relates  only  to  that  portion  of  the 
trip  which  is  replaced  by  the  fixed  guideway.    On  the  access  portion  of 
the  trip,  several  changes  are  likely  to  take  place.    Many  auto  drivers 
who  switch  to  rail  will  continue  to  use  the  auto  for  the  access  portion 
of  their  trip,  causing  little,  if  any,  additional  gain  or  loss.  Others 
may  choose  to  have  a  family  member  make  a  special  trip  to  drop  them  off, 
thus  doubling  the  energy  consumption  for  the  access  portion  of  the  trip, 
but  perhaps  saving  energy  overall  by  owning  fewer  autos.    A  third  group 
will  choose  buses  for  the  access  trip,  while  a  fourth  group,  living  in 
close  proximity  to  a  new  station,  will  walk.    Because  access  modes  at 
particular  stations  vary  from  90  percent  driving  to  90  percent  walking, 
it  is  difficult  to  make  a  generalized  estimate  of  the  algebraic  sum  of 
these  energy  losses  and  gains  directly. 

However,  evidence  referred  to  in  Chapter  I  shows  that  the 
introduction  of  a  fixed  guideway  is  followed  by  the  attraction  of  new 
riders  to  buses,  for  access  trips  and  otherwise.    Per  capita  bus  use  in 
the  older  rail  cities  being  no  lower  than  in  the  non-rail  cities,  the 
implication  is  that  bus  travel  diverted  to  rail  is  fully  compensated  by 
additional  bus  travel  attracted  by  the  combined  bus-rail  system  and 
that,  in  effect,  100  percent  of  the  rail  travel  occurs  at  the  expense  of 


*The  mode  that  would  be  used  "without  Metrorail"  was  reported  by  a 
1979  WMATA  passenger  survey  as  follows:    54.4  percent  bus,  23.4  percent 
auto  driver,  8.3  percent  taxi  passenger,  4.3  percent  auto  passenger,  2.3 
percent  walk,  2.2  other,  and  5.1  percent  "would  not  have  made  this 
trip,"  a  measure  of  induced  travel. 
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the  auto.    On  new  systems,  this  effect  is  not  quite  as  strong.  Washing- 
ton data  for  1979  --  after  3  years  of  rail  operation  --  suggest  that  for 
every  two  bus  passenger-miles  diverted  to  rail,  roughly  one  new  bus 
passenger-mile  was  generated,  which  in  large  measure  represents  access 
trips.    Thus,  at  least  half  the  bus  travel  diverted  to  rail  may  be 
compensated  for  by  new  bus  travel  which  takes  place  largely  at  the 
expense  of  the  auto.    The  equivalent  former  mode  of  rail  users  then  is 
no  longer  58  percent  bus  and  42  percent  auto,  but  29  percent  bus  and  71 
percent  auto.    This  is  shown  in  column  3  of  Exhibit  2.14. 

The  issue  of  whether  a  combined  auto-and-rai 1  or  bus-and-rail 
trip  is  more  circuitous  than  a  straight  auto  or  bus  trip  has  been  raised. 
The  circuitousness  was  measured  for  a  sample  of  census  tracts  served  by 
the  PATCO  Lindenwold  line;  auto-and-rai 1  and  auto-only  trips  were  found 

to  be  virtually  the  same,  1.236  and  1.242  times  longer,  respectively, 
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than  the  air-line  distance.       This  is  plausible,  since  both  rail  access 
and  freeway  access  usually  requires  some  deviation  from  the  shortest 
path;  in  fact,  freeway  routing,  which  seeks  to  bypass  densely  developed 
areas,  is  often  more  circuitous.    By  cutting  a  street  grid  on  a  diagonal, 
as  in  Edmonton,  a  rail  line  may  offer  savings  in  distance  compared  to 
bus  routes  as  well.    On  the  other  hand,  if  feeder  routes  are  laid  out 
perpendicularly  to  a  rail  line,  the  distance  will  be  longer  than  a 
diagonal  by  18  percent,  if  the  access  trip  is  one-fifth  of  the  line-haul 
trip,  as  on  BART.    More  typically  access  trips  are  shorter,  and  they 
rarely  are  perpendicular:    they  tend  to  be  slanted  in  the  direction  of 
travel,  as  in  Atlanta,  and  a  true  diagonal  is  rarely  available  as  an 
alternative.    In  sum,  any  gains  or  losses  in  before-and-after  travel 
distance  strongly  depend  on  site-specific  route  layout;  for  a  generic 
analysis,  they  can  be  ignored. 

What  cannot  be  ignored  is  the  suppression  of  auto  ownership  in 
the  immediate  vicinity  of  rail  stations  which  occurs  even  at  stations 
that  rely  predominantly  on  auto  access  for  the  longer  trips.    This  is 
shown  in  Exhibit  3.22  and  discussed  in  more  detail  in  Chapter  III. 
Normalizing  for  residential  density,  income  and  household  size,  this 


-137- 


reduction  can  be  related  to  service  volume  in  million  annual  place- 
miles.* 

The  energy  saving  resulting  from  auto  travel  foregone  (other 
than  diverted  to  the  fixed  guideway)  because  of  autos  not  owned  in  the 
immediate  vicinity  of  stations  compared  to  the  remaining  urban  territory 
is  shown  in  column  4  of  Exhibit  2.14  and  indicated  by  the  heavy  dashed 
lines  in  Exhibit  2.15.    Its  magnitude  is  such  that  at  service  volumes  in 
excess  of  50  million  place-miles  per  line-mile  one-third  or  more  of  the 
energy  cost  of  rail  transit  may  be  free  --  paid  for  by  savings  from  re- 
duced auto  ownership. 

In  calculating  energy  savings,  the  time  period  over  which  they 
occur  must  be  considered.    Based  on  the  longevity  of  different  types  of 
construction,  the  fixed  energy  investment  as  shown  in  Exhibit  2.13  is 
amortized  over  periods  that  vary  from  45  to  90  years.    In  light  of  the 
urgent  nature  of  energy  problems,  policy  makers  are  unlikely  to  be  in- 
terested in  energy  savings  90  years  from  now.    To  illustrate  the  degree 
to  which  fixed  guideways  can  --  or  cannot  --  save  energy  in  a  time  frame 
of  more  immediate  interest,  one  can  cut  the  amortization  period  of  fixed 
energy  investment  in  half,  to  between  22  and  45  years.    In  effect,  this 
doubles  the  construction  energy  in  column  5  of  Exhibit  2.13.    The  corres- 
pondingly greater  total  energy  requirement  is  shown  in  column  1  of 
Exhibit  2.14. 


^Solving  the  equations  in  Exhibit  3.22  with  appropriate  factors  for 
household  size,  income  and  residential  density  as  of  1970  yields  an 
estimate  that  all  of  these  factors  aside  the  New  York  City  rapid  transit 
system  saved  about  175,000  autos  and  the  Long  Island  Railroad  about 
21,000.    Divided  by  35,000  million  and  6,700  million  annual  place-miles 
of  service,  respectively,  this  yields  a  saving  of  5  autos  per  million 
place-miles  for  rapid  transit  and  3  autos  per  million  place-miles  for 
commuter  rail.    In  the  absence  of  other  data,  the  latter,  more  conservative 
figure  is  applied  to  light  rail,  while  the  former  is  applied  to  rapid 
transit.    Verification  of  these  rates  for  new  rail  transit  systems  will 
be  possible  when  1980  Census  auto  ownership  data  by  census  tract  and 
related  land  area  and  demographic  statistics  become  available. 
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Reducing  the  period  over  which  costs  are  amortized  also  enables 
one  to  deal  with  more  predictable  measures  of  savings.    The  assumed 
energy  cost  of  travel  by  the  former  mode  must  be  tailored  to  the  period 
over  which  savings  are  to  occur.    For  a  short  time  frame,  the  energy 
costs  associated  with  a  12  mpg  urban  auto  and  a  4  mpg  bus  would  be 
appropriate.    For  a  medium  time-frame,  one  can  make  a  reasonable  estimate 
of  when  24  mpg  in  urban  use  can  be  attained  fleet-wide.    For  a  very  long 
time  frame,  future  auto  energy  use  becomes  speculative. 

Given  the  miles-per-gallon  shortfall  in  over-the-road  driving 
compared  to  test-stand  results,  the  actual  reduction  in  fuel  use  per 
vehicle-mile  attained  by  new  1985  autos  is  likely  to  be  30  percent, 
rather  than  the  mandated  50  percent  of  the  1972-76  level.    If  improve- 
ments in  fuel  economy  continue  at  the  same  pace,  an  actual  over-the-road 
reduction  of  50  percent  will  not  be  reached  by  new  cars  until  1992. 
Allowing  10  years  for  fleet  turnover,  one  cannot  expect  a  fleetwide 
average  24  mpg  in  urban  driving  much  before  2002.    This  indicates  an 
average  fuel  economy  of  16.6  mpg  in  urban  driving  over  the  intervening 
22-year  period.    If  one  assumes,  rather  optimistically,  that  this  is 
raised  to  33  mpg  in  urban  driving  (meaning  50  mpg  in  highway  driving) 
over  the  following  11  years,  the  annual  average  fuel  economy  over  the 
entire  33-year  period  becomes  20.5  mpg.    Assuming  no  further  improve- 
ment, it  becomes  23.8  mpg  over  a  45-year  period.    These  values  are  used 
to  determine  total  auto  energy  per  place-mile  in  columns  2  and  3  of 
Exhibit  2.14.    For  buses,  a  constant  value  of  4  mpg  is  used  for  all 
periods,  even  though  this  understates  the  actual  consumption  during  the 
1980s  and  probably  beyond.    The  prospective  convergence  in  production 
efficiency  between  electricity  and  liquid  fuels  discussed  earlier  makes 
these  projections  even  more  favorable  to  vehicles  propelled  by  liquid 
fuels.    Hence,  the  estimated  fixed  guideway  energy  savings  are  conser- 
vative.   For  autos  no  longer  owned  as  a  result  of  the  existence  of  a 
fixed  guideway,  the  energy  saving  is  calculated  on  the  basis  of  a  24  mpg 
fuel  efficiency  in  urban  driving  irrespective  of  the  amortization  period. 
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The  calculations  made  on  this  basis  and  shown  in  Exhibit  2.14 
resirt-tin  the  following  volume-related  thresholds  above  which  fixed 
guideways  tteggn  to  save  energy  compared  to  the  modes  previously  used, 
over  the  next  22  to  45  years: 


12  to  15  million  place-miles  per  line-mile  for  above-ground  rapid 
transit  (points  A  and  B  in  Exhibit  2.15)  depending  on  whether  the 
effect  of  increased  bus  service  is  included  or  excluded. 

V 

33  to  40  million  place-miles  per  line-mile  for  rapid  transit  in 
tunnel  (points  C  and  D)  depending  on  whether  the  effect  of  in- 
creased bus  service  is  included  or  excluded. 


7  to  9  million  place-miles  per  line-mile  for  above-ground  light 
rail  (points  E  and  F)  depending  on  whether  the  effect  of  increased 
bus  service  is  included  or  excluded;  the  volume  for  light  rail 
underground  is  about  27  to  35  million  place-miles  per  line-mile 
(points  G  and  H) . 

55  to  90  million  place-miles  per  line-mile  for  downtown  people- 
movers  above  ground  depending  on  whether  snowmelting  equipment  is 
not  needed  or  needed  (points  I  and  J);  the  volume  for  downtown 
peoplemovers  underground  is  about  80  million  place-miles  per  line- 
mile  (point  K) . 

The  surprisingly  high  service  volume  --  not  attainable  with 
present  capacity  --  that  needs  to  be  reached  by  a  downtown  peoplemover 
for  it  to  save  energy  compared  to  previous  modes  even  in  the  absence  of 
smowmelting  is  explained  primarily  by  three  factors.    (1)  The  source  of 
patronage;  if  no  pedestrians  were  diverted,  and  the  former  mode  of  down- 
town peoplemover  users  were  the  same  as  on  line-haul  rail  transit,  the 
volume  needed  to  attain  energy  savings  with  a  foreshortened  amortization 
period  would  be  reduced  from  55  to  about  27  million  place-miles  per  line 
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Exhibit  2.13 

Illustrative  Gross  Total  Energy  Requirements,  Btu  per  place-mile* 
(See  text  for  explanation  of  assumptions) 


Mode 
(1) 


Energy  requirements  per  place-mile 


Maintenance 
+  wayside 

(3) 


Veh. 
manuf. 

(4) 


Guideway 
construction 

(5) 


TOTAL 

(6) 


Urban  auto 

@  12mpg 

(1 ,600  Kg,  6  places) 

Urban  auto 

@  24  mpg 

(1,100  Kg,  5  places 

Local  bus  ^ 

<s>  6  mph 

@  12  mph 

V, 

@  18  mph 

Rapid  Transit 

1  f  I 

(1/3  grade,  1/3 

20 

million 

cut  &  fill,  1/3 

30 

pi. -mi. 

elevated) 

50 

line^mi 

100 

200 

RT  underground 

30 

50 

—  _^ 

100 

200 

Light  Rail 

5 

(2/3  grade,  1/3 

10 

cut&  fill) 

15 

20 

30 

'  50 

LR  underground 

10 

15 

20 

30 

50 

Peoplemover 

5 

(3/4  elevated. 

10 

1/4  grade) 

15 

20 

30 

50 

PM  underground 

10 

15 

20 

30 

50 

2,100 


1,260 

760 
670 

"^590^ 

670a 
670a 
670a 
670a 
670a 
670a 

670a 
670a 
670a 
670a 
670a 

370 
370 
370 
370 
370 
370 

370 
370 
370 
370 
370 

580 
580 
580 
580 
580 
580 

580 
580 
580 
580 
580 


375  + 

206 

215 

160 

375  + 

206 

1  75 

160 

J§£?  + 

-206 

33 

i 

/■  N. 

320? 

j6S?  + 

■206 

33 

f 

320? 

NIS?  +  2D6 

33 

\ 

34  + 

449 

13 

$18  mill. 

819 

34  + 

75 

13 

mile 

410 

34  + 

50 

13 

66  yrs. 

273 

34.+ 

30 

13 

164 

34  + 

15 

13 

8? 

34  + 

8 

A  1 

34  + 

516 

13 

$52  mill. 

867 

34  + 

344 

13 

m  1 1  e 

578 

34  + 

206 

13 

90  yrs. 

347 

34  + 

103 

13 

173 

34  + 

52 

13 

87 

34  + 

298 

24 

$  9  mill. 

1,200 

34  + 

149 

24 

mile 

600 

34  + 

99 

24 

45  yrs. 

400 

34  + 

75 

24 

300 

34  + 

50 

24 

200 

34  + 

30 

24 

120 

34  +  1 .032 

24 

$50  mill. 

1,667 

34  + 

688 

24 

mile 

1,111 

34  + 

516 

24 

90  yrs. 

833 

34  + 

344 

24 

555 

34  + 

206 

24 

333 

68  +  1 ,560 

i  g 

$15  mill. 

2,000 

68  + 

780 

19 

mile 

1,000 

68  + 

520 

19 

45  yrs. 

666 

68  + 

390 

19 

500 

68  + 

260 

19 

333 

68  + 

156 

19 

200 

68  +  1 .032 

19 

$37  mill. 

1,233 

68  + 

688 

19 

mile 

822 

68  + 

516 

19 

90  yrs. 

617 

68  + 

344 

19 

411 

68  + 

206 

19 

245 

2,870 


1,990 
1,201 

r  1,111 

1,031 

1,685 
1,202 
1,040 
911 
814 
766 

2,100 
1,639 
1,270 
993 
856 

1,926 
1,177 
927 
803 
678 
578 

3,127 
2,227 
1,777 
1,327 
967 

4,227 
2,447 
1,853 
1,557 
1,260 
1,023 

2,932 
2,177 
1,800 
1,422 
1,118 


^  - 


Snowmelting 

3,000 
1,500 
1,000 

750 

500 

300 


TOTAL 
with 
Snowmelting 

7,227 
3,947 
2,853 
2,307 
1,760 
1,323 


*  One  place  =  5.38  sq.  ft.  or  0.5  m2  of  vehicle  area:  multiply  x  0.157  for  Cal.  place-Km). 

a:  Subtract  1 30  for  regenerative  braking, 

b:  Street  lighting. 

c:  Snow  melting  where  required;  varies  depending  on  weather  conditions.  250  annual  heating  hours  assumed. 

?:  Indicates  large  uncertainty  about  the  accuracy  of  underlying  data. 
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mile.    (2)  The  lack  of  an  auto  ownership  reduction  factor;  if  the  people- 
mover  operated  through  residential  areas  where  nearby  residents  had  the 
option  of  station  access  on  foot,  by  bus  or  by  "kiss-and-ride,"  thus 
reducing  auto  ownership  by  the  same  amount  as  assumed  for  light  rail  the 
volume  needed  to  attain  energy  savings  would  be  reduced  further  to  about 
22  million  place-miles  per  linemile.    (3)  The  high  fixed  wayside  energy 
costs;  these  result  from  rather  elaborate  stations  (often  enclosed,  with 
air-cooling  and  other  amenities)  and  the  generally  capital-intensive 
character  of  automated  rubber-tired  vehicle  guideways  as  they  now  exist. 
If  wayside  energy  costs  were  the  same  as  on  above-ground  rapid  transit, 
the  volume  needed  by  a  peoplemover  to  attain  energy  savings  would  be 
reduced  to  roughly  18  million  place-miles  per  line-mile,  quite  similar 
to  rapid  transit.    Further  significant  reductions  --  close  to  the  range 
of  light  rail  --  could  be  attained  by  employing  a  less  capital-intensive 
guideway.    In  sum,  automated  guideways  operating  in  a  different  setting, 
not  confined  to  a  downtown  and  using  a  much  lighter  guideway  design  do 
have  the  potential  of  attaining  energy  savings. 

By  contrast,  energy  savings  of  rapid  transit  and  light  rail 
are  quite  manifest,  given  the  parameters  used  in  this  study.    It  makes 
sense  to  build  rail  transit  even  as  a  medium-term  (22  to  45  year)  energy 
conservation  measure  for  nearly  the  full  range  of  service  volumes  cur- 
rently encountered  on  rapid  transit,  and  for  all  but  the  lowest  volumes 
currently  encountered  on  light  rail  provided  that  the  vehicle  occupancy 
does  not  fall  much  below  23  percent  of  the  places  offered,  provided  that 
tunnel  routing  is  used  sparingly  on  the  more  lightly  used  lines,  and 
provided  that  wayside  and  station  energy  costs  are  kept  similar  to 
those  of  the  simpler  systems,  such  as  CTA,  NYCTA,  or  PATCO. 

Diversion  of  auto  travel  and  of  slow  bus  trips  (12  mph  or  less) 
to  existing  rail  transit  lines  can  offer  greater  energy  savings,  because 
the  sunk  energy  cost  of  building  them  need  not  be  included  in  the  calcu- 
lation. 

These  findings  contradict  some  recent  studies.^    While  they 
vary  in  method,  several  of  them  share  one  or  more  of  the  following:  (a) 
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Failure  to  fully  account  for  the  energy  cost  of  highway  fuel  production 
and  distribution,    (b)  An  understatement  of  bus  fuel  use  at  slow  urban 
speeds  and  of  indirect  bus  energy  requirements  for  maintenance  of  ve- 
hicles and  streets,    (c)  An  overstatement  of  indirect  rail  energy  require 
ments,  all  too  often  patterned  after  BART,  simply  because  it  has  the 
best  data.    Methodological  errors  in  this  area  include  translating 
transit  workers'  wages  into  Btu's  as  an  "indirect  energy  cost"  of  rail. 
The  energy  cost  of  a  piece  of  final  demand  (such  as  place-miles  offered) 
is  built  up  from  streams  of  inter-industry  purchases.    One  cannot  add 
workers'  wages  to  this,  since  the  energy  purchased  for  them  is  but  a 
different  slice  of  final  demand.    What  matters  are  marginal  energy 
expenditures  or  savings  to  produce  the  piece  of  final  demand.    These  are 
not  affected  if  transit  workers  were  to  be  fired  by  a  transit  agency, 
for  they  would  still  need  to  consume  Btu's  in  their  private  lives,  (d) 
Exaggeration  of  the  energy  used  for  access  trips  to  a  rail  line.  Thus, 
one  study  assigns  a  false  30  percent  penalty  to  combined  auto-and-rai 1 
trips  on  the  assumption  that  they  are  that  much  more  circuitous  than 
auto  trips,    (e)  Failure  to  account  for  reduced  auto  ownership  as  a 
result  of  rail  transit,  a  factor  that  strongly  contributes  to  energy 
savings  as  calculated  here. 

In  defense  of  the  earlier  studies  and  of  the  alternative 
calculations  presented  here,  one  should  stress  that  methods  of  trans- 
portation energy  accounting  are  not  well  developed  and  the  data  base  is 
incomplete,  necessitating  many  assumptions.    For  example,  more  detailed 
and  up-to-date  input-output  data  may  well  cause  some  downward  revision 
of  the  auto  energy  estimates  made  here.    This,  however,  is  unlikely  to 
change  the  overall  tenor  of  the  results,  especially  in  an  environment 
where  rising  passenger  volumes  are  making  fixed-guideway  travel  more 
energy-efficient  overall. 

5.    Land  Requirements. 

The  ability  of  fixed  guideways  to  use  land  much  more  inten- 
sively than  surface  streets  or  freeways  when  traffic  volumes  are  high  is 
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evident  from  the  discussion  of  capacities  earlier  in  this  chapter.  It 
is  this  space-saving  feature  which  makes  fixed  guideways  especially 
compatible  with  compact,  pedestrian-oriented  downtown  environments. 
However,  where  transit  demand  is  low,  the  question  can  be  raised:  would 
not  a  given  right-of-way  be  more  fully  used  if  it  were  to  allow  mixed 
traffic,  instead  of  being  reserved  for  a  fixed  guideway? 

The  minimum  clear  travelled  way  width  required  by  a  two-track 
fixed  guideway  is  generally  similar  to  that  required  by  two  highway 
lanes,  and  comprises  about  24  feet  (7.3m)  for  rapid  transit  with  stand- 
ard "wide"  cars,  about  22  feet  (6.7m)  for  light  rail,  and  18  to  22.5 
feet  (5.5  to  6.9m)  for  existing  peoplemovers .    Depending  on  location,  a 

buffer  space  (such  as  catwalks  in  a  tunnel)  of  between  4  and  12  feet 
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(1.2  to  3.7m)  or  more  may  have  to  be  added  to  that,     while  signifi- 
cantly wider  shoulders  and  lateral  setbacks  are  needed  on  a  highway.  A 
fixed  guideway  requires  a  minimum  of  two  tracks  (except  at  the  lightest 
volumes)  while  a  minimum  of  four  is  required  for  a  freeway. 

The  trade-off  between  devoting  land  to  a  highway  as  against  a 
fixed  guideway  during  the  peak  hour  may  be  considered  in  two  typical 
situations:    a  freeway  leading  to  downtown  and  a  downtown  surface  ar- 
terial.   A  freeway  operating  at  the  upper  limit  of  service  level  D  -- 
approaching  unstable  flow  --  during  portions  of  the  peak  hour  is  likely 
to  carry,  in  the  course  of  the  entire  peak  hour,  the  equivalent  of  some 
1,700  passenger  cars.    With  1.4  persons  per  car,  this  equals  2,400 
persons  per  lane  per  direction.    Assuming  that  a  fixed  guideway  provides 
as  many  passenger  places  per  direction  per  peak  hour,  its  service  volume 
will  be  about  13  million  place-miles  per  line-mile  annually.    A  fixed 
guideway  with  a  lower  service  volume  can  be  said  to  use  land  during  the 
peak  hour  less  efficiently  than  an  auto-only  freeway  at  the  entry  point 
to  a  downtown. 

If  20  percent  of  the  peak  hour  freeway  travellers  are  bus 
passengers  --  as  is  often  the  case  in  medium-sized  downtowns  without 
rail  --  the  volume  per  lane  rises  to  3,000  persons  per  hour,  and  only  a 


-147- 


fixed  guideway  with  a  service  volume  above  16  million  place-miles 
per  line-mile  will  use  land  more  efficiently  than  a  freeway. 

A  downtown  arterial  (exclusive  of  curb  lanes,  which  can  be 
counted  as  shoulders)  will,  under  average  intersection  conditions,  have 
a  maximum  hourly  throughput  on  the  order  of  450  to  550  passenger  car 
equivalents  per  11  foot  lane.    With  the  same  occupancy,  this  represents 
630  to  770  persons  per  lane  per  hour.    Therefore,  a  lane  pre-empted  by 
a  fixed  guideway,  such  as  light  rail  or  a  peoplemover,  will  have  an 
equal  passenger-carrying  capacity  in  the  peak  hour  if  its  service  volume 
is  3  to  4  million  annual  place-miles  per  line-mile.    With,  say,  40  per- 
cent of  the  arterial  travellers  in  buses,  the  equivalent  fixed  guideway 
volume  rises  to  approximately  6  million  annual  place-miles  per  line- 
mile.    A  reserved  or  exclusive  guideway  with  a  lower  service  volume  than 
that  will  use  land  during  the  peak  hour  less  efficiently  than  an  urban 
arterial  with  modest  bus  traffic. 

Obviously,  one  can  increase  the  bus  traffic  component  of  a 

freeway  lane  or  a  local  arterial  over  an  extremely  broad  range,  all  the 

way  to  making  them  into  exclusive  bus  facilities.    At  that  point,  with 

some  500  buses  or  30,500  places  per  lane  per  direction  in  the  peak  hour, 

the  exclusive  freeway  lane  can  match  the  maximum  comfortable  capacity  of 

a  rapid  transit  track,  though  in  a  very  different,  non-stop  service 

pattern.    With  on-line  stops,  the  capacity  of  an  exclusive  lane  drops 

much  below  light  rail,  to  approximately  6,000  places  per  direction  per 
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hour.       Nevertheless,  land  consumption  is  not  a  decisive  consideration 
in  choosing  between  exclusive  rail  and  exclusive  bus  facilities.  What 
matters  is  the  difference  in  land  consumption  between  either  of  them  and 
typical  pre-existing  conditions,  namely  auto  roadways  with  a  small  bus 
component  near  downtown  entry  points  during  the  peak  hour. 

If  the  requirement  were  for  an  exclusive  facility  to  use  land 
more  efficiently  than  a  predominantly  auto  roadway  on  a  24-hour  average 
annual  basis,  and  not  just  during  the  daily  peak,  the  minimum  volumes  at 
which  fixed  guideways  begin  to  save  land  would  have  to  be  at  least 
tripled,  compared  to  the  values  shown  earlier.    This  is  due  to  the 
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differences  in  peaking  between  auto  and  transit.    Such  a  requirement 
appears  unnecessarily  stringent.    During  off-peak  hours,  there  is  plenty 
of  unused  travel  space  throughout  an  urban  area,  and  its  allocation 
between  roadways  and  fixed  guideways  is  of  little  consequence.* 

In  addition  to  land  required  for  movement,  land  required  for 
parking  is  an  important  consideration,  especially  in  high-density  areas 
where  space  is  at  a  premium.  In  the  larger  central  business  districts, 
land  used  for  off-street  parking  can  easily  add  30  to  50  percent  to  the 
land  in  street  rights-of-way.  For  every  automobile  destined  to  a  down- 
town, some  0.3  to  0.5  parking  spaces  are  required  in  medium-sized  to 
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large  downtowns.       Unlike  savings  in  land  used  for  the  travelled  way, 
which  are  difficult  to  capture  in  money  terms  because  street  and  highway 
travellers  pay  no  rent  for  the  land  they  use,  savings  in  the  land  for 
parking  are  in  large  measure  translated  into  dollars  for  travellers  who 
switch  from  auto  to  transit.    Daily  parking  rates  in  the  core  of  down- 
town ranged  from  about  $2.50  in  Central  Business  Districts  of  30  million 

p 

square  feet  (2.8  million  m  )  to  about  $4.00  in  those  of  100  million 
square  feet  (9.3  million  m  )  in  1977  prices.       If  the  traveller  is  not 
subsidized  to  avoid  parking  charges  when  travelling  by  auto,  avoiding 
charges  of  this  magnitude  is  a  significant  incentive  for  choosing 
transit  when  it  provides  relatively  comparable  service. 


*By  way  of  illustration,  the  land  used  by  pavement  or  tracks  per  unit  of 
passenger  travel  on  an  annual  average  day  basis  can  be  estimated  for  the 
31-county  New  York  Region  from  1970  land  use  and  travel  data  as  follows: 
light  rail  -  0.58  acres  per  1,000  passenger-miles;  auto  -  0.64  acres; 
commuter  rail  -  0.40  acres;  bus  -  0.05  acres;  rapid  transit  -  0.05  acres 
(1  acre  =  0.4  ha).    Moderate  service  volumes  and  low  use  on  weekends  and 
at  night  explain  the  relatively  high  commuter  and  light  rail  use  of  land, 
while  the  fact  that  buses  predominantly  follow  arterial  streets  which  in 
addition  carry  heavy  volumes  of  auto  traffic  reduces  their  use  of  land 
even  after  account  is  taken  of  their  slow  speed.    For  this  calculation, 
it  is  assumed  that  pavement  accounts  for  60  percent  of  the  total  land 
area  in  public  rights-of-way.    Rail  property  beyond  main  passenger 
carrying  tracks  is  similarly  ignored. 
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Lastly,  a  major  advantage  of  fixed  guideways  is  that,  when 
necessary,  they  can  avoid  the  use  of  surface  space  altogether  by  enter- 
ing high-density  parts  of  urban  areas  in  tunnels  with  much  greater  ease 
than  underground  freeways  and  busways.    These  require  a  wider  cross 
section  for  the  same  travel  volume  and  incur  additional  ventilation 
costs.    One  need  only  compare  the  cost  of  building  rail  subways  to  such 
environmentally  responsive  highway  designs  as  the  Inner  leg  freeway  in 
Washington,  Interstate  95  along  the  Delaware  in  downtown  Philadelphia, 
or  the  Fort  Henry  tunnel  in  Baltimore.    The  latter  cost  around  $600 
million  a  mile  in  1980  bid  prices.    The  proposed  Westway  in  Manhattan 
and  the  undergrounding  of  the  Central  Artery  in  Boston  will  incur  similar 
costs . 

Many  examples,  ranging  from  the  Berkeley  bond  issue  to  the 
tearing  down  of  the  Third  Avenue  elevated  in  Manhattan  can  be  marshalled 
to  show  that  the  value  placed  by  the  community  on  undergrounding  is  very 
high.    In  the  first  case,  Berkeley  residents  taxed  themselves  to  put  a 
prospective  BART  elevated  structure  through  their  city  underground;  in 
the  second  case,  the  "tax"  is  being  paid  not  only  in  reduced  access  but 
also  in  extreme  crowding  on  a  parallel  subway  for  the  duration  of  at 
least  40  years.    Nevertheless,  the  wisdom  of  the  decision  has  not  been 
questioned,  and  not  just  in  the  light  of  the  building  boom  that  com- 
pletely transformed  Third  Avenue  in  two  decades  after  the  elevated  was 
removed. 

In  principle    the  cost  of  tunneling  is  not  a  pure  transpor- 
tation investment.    It  is  in  large  part  a  city-building  investment  which 
cannot  be  fully  accounted  for  in  transportation  benefit-cost  terms  much 
as  an  urban  park,  which  may  not  withstand  benefit-cost  analysis  in  rec- 
reation terms  alone.    Creation  of  a  "second  street  level"  underground 
with  related  architectural  and  urban  design  improvements  above  ground, 
such  as  downtown  pedestrianization  in  Munich  and  lesser-scale  changes  of 
the  cityscape  in  Hamburg,  Frankfurt,  Vienna,  Sao  Paulo  and  other  cities, 
reach  far  beyond  the  issue  of  delivering  x  number  of  people  downtown  at 
y  cost.    The  pedestrian  malls,  underground  concourses,  and  sunken  plazas 
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made  possible  by  the  tunnels  have  both  an  urban  design  and  a  real  estate 
value  in  their  own  right. 

Still,  in  line  with  the  basic  approach  of  this  book  which 
seeks  to  relate  the  scale  of  improvements  to  their  prospective  use,  it 
is  not  unreasonable  to  link  the  appropriateness  of  tunnels  to  the  volume 
of  passengers  who  use  them.    Exhibit  2.16  relates  existing  passenger 
volumes  (passenger-miles  per  line-mile  or  passenger-kilometers  per  line- 
kilometer)  on  rail  systems  both  in  the  United  States  and  abroad  to  the 
proportion  of  the  guideway  that  is  located  underground.    There  is  a 
clear  link  between  the  two--the  higher  the  volume,  the  more  tunneling. 
This  largely  reflects  the  higher  density  of  urban  development  along  the 
more  heavily  used  lines,  which  warrants  more  protection  from  the  nui- 
sance of  elevated  structures. 

It  is  also  clear  that  compared  to  other  countries,  and  ad- 
justed for  traffic  volume,  rapid  transit  systems  in  the  United  States 
use  tunnels  most  sparingly,  reflecting  perhaps  a  sense  of  values  bent 
toward  the  "disposable  city,"  rather  than  urban  permanence.    New  York, 
Boston,  and  particularly  Chicago  show  a  dramatically  lower  percent  of 
tunnel  routing  than  is  customary  in  the  rest  of  the  world,  including 
Canada.    The  Washington  rapid  transit  system,  with  partial  operation  in 
1980  shown,  is  above  average  because  its  outlying,  above-ground  portions 
will  be  the  last  to  open.    For  special  reasons  some  of  the  American 
light  rail  lines,  notably  the  Newark  subway  and  the  San  Francisco  MUNI 
railway  (including  the  new  Market  Street  tunnel)  display  above-average 
proportions  of  tunnel  routing. 

In  the  traffic  volume  range  where  most  prospective  new  United 
States  rapid  transit  systems  are  likely  to  fall  (5  to  10  million  passen- 
ger-miles per  line-mile,  or  20  to  50  million  place-miles  per  line-mile), 
at  least  one-third  of  the  routing  could  be  expected  in  tunnels  by  cur- 
rent world  standards;  for  light  rail  systems  (in  the  2  to  5  million 
passenger-miles,  or  10  to  20  million  place-miles  per  line-mile  range), 
the  proportion  would  be  at  least  one-fifth.    A  peak  hour  one-directional 
flow  of  8,000  passengers  has  been  suggested  as  the  lower  limit  of  tunnel 
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Exhibit  2.16 

Fixed  Guideway  Passenger  Volumes  Related  to  Percent  Guideway  in  Tunnel 
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feasibility  by  one  recent  study;  this  figure,  of  course,  may  drop,  if 
cost  of  the  tunnel  section  is  spread  over  an  entire  line. 

An  alternative  way  to  look  at  tunneling  feasibility  is  in 
terms  of  prevailing  land  values.    If  the  added  cost  of  tunneling  com- 
pared to  elevated  construction  is  about  $24.4  million  per  mile  in  1977 
prices,  as  will  be  shown  shortly,  and  if  a  mile  of  fixed  guideway  struc- 
ture preempts  at  least  4.4  acres  (assuming  a  36  foot  right-of-way),  then 
land  values  in  excess  of  $5.6  million  an  acre  ($129  per  square  foot  or 
$13.8  million  per  hectare  in  1977  prices)  would  seem  to  make  tunnels 
worth  considering.    While  land  values  as  high  as  $300  to  $1,000  a  square 
foot  are  not  difficult  to  find  in  Midtown  Manhattan,  in  medium-sized 
downtowns  such  values  are  in  the  $100  to  $450  range  at  prime  locations. 

6.    Construction  Costs. 

The  economies  of  time,  labor,  energy  and  land  that  fixed 
guideways  attain  are  purchased  at  the  price  of  capital  investment. 
Exaggerated  by  extraneous  factors,  such  as  the  general  inflation  rate  in 
the  construction  industry,  the  capital  cost  of  fixed  guideways  is 
highly  visible. 

The  level  of  capital  construction  costs  per  mile  of  fixed 
guideway  in  1977  prices,  broken  down  by  three  components  of  construction 
and  four  types  of  structure  is  presented  in  the  top  part  of  Exhibit 
2.17.    The  data  are  based  on  a  detailed  examination  of  actual  construc- 
tion contract  documents  of  both  light  and  heavy  rail  in  14  cities  in 

America  and  Europe,  undertaken  by  an  engineering  firm  for  the  Urban  Mass 
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Transportation  Administration.       The  original  data  appear  as  ranges  of 
high  and  low  values;  they  have  been  aggregated  for  purposes  of  this 
study. 

Obviously,  any  aggregate  averages  of  this  type  have  to  be 
treated  with  caution;  they  cannot  reflect  the  large  variation  in  site- 
specific  construction  conditions,  including  geology  and  groundwater,  the 
method  of  construction,  the  amount  of  utility  relocation,  the  need  to 
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underpin  buildings,  local  labor  relations  and  the  prospect  for  admin- 
istrative or  other  construction  delays,  which  increases  bid  prices  as 
contractors  try  to  anticipate  expenditures  in  future,  inflated  dollars. 
Nevertheless,  the  averages  presented  show  good  agreement  with  actual 
expendi  tures . 

In  the  second  column,  the  lower  part  of  Exhibit  2.17  shows 
comparable  costs  per  mile  for  20  specific  projects,  including  rapid 
transit,  one  commuter  rail  structure,  one  light  rail  line,  four  of  the 
five  peoplemovers  previously  discussed  and  one  busway.    Taking  into 
account  the  predominant  structure  type,  their  costs  closely  follow  the 
pattern  established  in  the  top  part  of  the  exhibit,  though  there  are 
deviations,  usually  for  a  good  reason. 

Facilities  which  are  predominantly  near  grade  --  be  it  Chi- 
cago's Dan  Ryan  rapid  transit  line  in  a  freeway  median,  the  Cleveland 
Airport  rapid  transit  extension,  or  the  El  Monte  busway  in  Los  Angeles, 
cost  around  $10  million  for  a  two-track  mile  in  1977  prices.  Very 
simple  at-grade  light  rail  structures  can  be  built  for  less:    the  mostly 
single-track  San  Diego  line  cost  under  $2  million  a  mile  in  1980  prices, 
exclusive  of  land  acquisition  and  purchase  of  rolling  stock. 

Full  subways,  be  they  on  Yonge  Street  in  Toronto  or  Broad 
Street  in  Philadelphia,  cost  $50  to  $60  million  for  a  two-track  mile  in 
1977  prices,  but  special  conditions,  as  on  63rd  Street  in  Manhattan 
(complex  deep-level  excavation  and  underwater  tubes)  can  nearly  triple 
this  cost.    In  Montreal,  on  the  other  hand,  small  cross-section  subways 
cost  about  $48  million  a  mile  in  1980  prices  (not  shown  in  the  Exhibit). 

Generally,  cities  with  recent  underground  construction  --  New 
York,  Washington,  Baltimore,  Boston  and  San  Francisco  --  are  character- 
ized by  difficult  subsurface  geology.    Conditions  much  more  favorable  to 
tunnel  excavation  by  high-speed  boring  machines  (firm  soil  or  soft  sand- 
stone and  shale  above  the  water  table)  prevail  in  a  number  of  cities 
where  rail  transit  has  been  under  consideration  --  Los  Angeles,  Detroit, 
Denver,  Houston,  Dallas,  Seattle  --  and  their  tunnel  costs  could  there- 
fore be  comparatively  low.^ 
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Different  mixes  of  at-grade,  elevated  and  tunnel  construction 
for  BART,  MBTA  and  Edmonton  projects  in  the  lower  part  of  Exhibit  2.17 
produce  values  intermediate  between  the  roughly  $10  million  of  near- 
grade  and  the  $50  million  of  tunnel  construction  per  two-track  mile.  It 
should  be  emphasized  that  these  values  cannot  be  compared  to  recent  bid 
prices,  which  may  appear  much  higher  (i.e.,  $180  million  a  mile  for  a 
tunnel  in  Boston  in  1979)  without  adjusting  not  only  for  inflation 
between  1977  and  the  bid  date,  but  also  for  future  inflation  over  the 
duration  of  the  construction  period,  which  is  always  built  into  the  bid 
p  ri  ce . 

To  shed  light  on  differences  between  light  rail  and  rapid 
transit  construction  costs,  the  two  are  shown  separately  in  the  top  part 
of  Exhibit  2.17.    The  cost  of  structures  for  the  two  modes  is  almost 
identical;  trackwork  for  light  rail  is  less  expensive,  and  stations  are 
still  less  expensive,  but  that  saving  is  partly  offset  by  more  frequent 
station  spacing;  overall,  by  structure  type,  light  rail  construction  is 
shown  to  be  only  7  percent  less  costly  than  rapid  transit  construction. 
Clearly,  if  light  rail  is  to  attain  major  construction  cost  economies 
compared  to  rapid  transit,  these  must  come  from  a  different  mix  of 
structures ,  such  as  more  at  grade  and  less  elevated  and  tunnel  routing; 
but  such  savings  tend  to  be  reflected  in  lower  performance  and  lower 
benefits. 

Also  of  interest  is  the  cost  of  peoplemover  structures:  it 
averages  about  30  percent  less  than  that  of  the  respective  rapid  transit 
structures,  because  of  smaller  cross-section  and  lighter  axle  loads.  Air- 
trans,  80  percent  at  grade  with  the  airport  built  around  it,  has  by  far 
the  lowest  cost,  at  $8  million  a  mile  of  two-track  equivalent.  Sea-Tac, 
completely  in  a  subway,  cost  $37.4  million  a  mile  in  constant  1977  prices, 
in  scale  with  other  subways,  given  its  smaller  cross-section.  Morgantown, 
mostly  on  elevated  structure,  cost  $20  million  a  mile,  roughly  30  per- 
cent less  than  a  rapid  transit  elevated  would  cost,  while  easier  con- 
struction conditions  at  Tampa  Airport  brought  its  elevated  structure 


-155- 


in  for  $18  million  per  mile  of  two-track  equivalent.    Adjusted  for 
inflation,  for  structure  type  and  width,  the  seemingly  bewildering  array 
of  fixed  guideway  construction  costs  in  fact  makes  very  simple  sense. 

From  the  viewpoint  of  the  transit  operator,  a  rather  crucial 
capital  expenditure  is  the  purchase  of  rolling  stock.    On  rapid  transit 
systems,  the  cost  of  purchasing  the  first  generation  of  rolling  stock 
may  add  between  8  percent  (in  the  case  of  BART)  and  18  percent  (CTS 
Airport  extension)  to  the  cost  of  construction.    On  Edmonton's  light 
rail,  the  addition  was  13  percent,  while  on  the  five  peoplemovers  dis- 
cussed here  the  cost  of  rolling  stock  added  an  average  of  20  percent  to 
the  cost  of  construction. 

However,  if  the  object  is  to  seek  thresholds  at  which  fixed 
guideways  may  be  more  effectively  deployed  than  free-wheeled  vehicle 
systems,  the  cost  of  rolling  stock  is  not  a  major  consideration,  because 
it  is  not  fixed,  but  rather  proportional  to  the  volume  of  service.  Any 
transit  system  requires  vehicles;  calculated  per  place-mile  or  per 
place-year  of  service  and  amortized  over  their  life  span,  the  differences 
in  capital  cost  between  buses  and  rail  cars  are  not  decisive;  only 
peoplemover  vehicles  stand  out  as  having  a  higher  capital  cost  per 
place-mile  because  of  the  automation  expense.    Thus,  the  discussion  here 
is  limited  to  fixed  capital  investment. 

Capital  costs  related  to  passenger  use.    To  assess  the  effec- 
tiveness of  capital  expenditures  for  fixed  guideway  construction,  the 
simplest  approach  is  to  see  how  these  expenditures  relate  to  the  use  of 
the  facility.    In  the  first  column,  the  bottom  part  of  Exhibit  2.17 
lists  average  weekday  volumes  for  20  projects,  expressed  in  passenger- 
miles  per  two-track  line  mile,  while  the  third  column  shows  the  ratio  of 
construction  cost  per  mile  to  passenger-miles  per  mile.    This  varies 
from  $135  to  $6,016  per  weekday  passenger-mile,  with  a  median  value  of 
about  $1,250. 

The  low-cost  Chicago  lines,  with  respectable  passenger  vol- 
umes, show  up  among  the  biggest  bargains;  the  two  Manhattan  lines, 
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Exhibit  2.17 

Summary  of  Capital  Costs  of  Construction 

A.  AVERAGES  BY  TYPE  OF  CONSTRUCTION 

Millions  of  constant  1977  $$  per  mile  of  two- track  equivalent  guideway 

RAPID  TRANSIT  Structure        Track  &  Stations  Total 

Electrical  Work 

At  grade  3.2  4.2  2.9(1/mi)  10.3 

Cut  or  fill  8.8  4.2  3.9  (1 /mi)  16.9 

Elevated  20.3  4.3  3.2  (1/mi)  27.8 

Underground  40.2  4.3  7.7  (1.5/mi)  52.2 

LIGHT  RAIL 


At  grade 
Cut  or  fill 
Elevated 
Underground 


2.00 
8.84 
20.29 
40.23 


2.90 
3.00 
3.10 
3.21 


0.06  (2/mi) 
4.78  (2/mi) 
4.35  (2/mi) 
6.90  (2/mi) 


4.96 
16.62 
27.74 
50.34 


All  costs  are  averages  of  high  and  low  observations;  they  exclude  shops,  yards,  and  land  acquisition. 
Source:  Thomas  K.  Dyer,  Inc.;  converted  from  1974  constant  $$  by  ENR  cost  index  1 .28. 


B  .  AVERAGES  BY  PROJECT 


1.  CTA  Dan  Ryan  (freeway  median) 

2.  LIRR  Merrick-Bellmore  (suourban  elevated) 

3.  NYCTA  Second  Avenue  (subway) 

4.  CTA  -  Milwaukee  (freeway  median  &  subway) 

5.  Caltrans  El  Monte  Busway  (near  grade) 

6.  MBTA  South  Shore  (near  grade) 

7.  NYCTA  63d  St.  (tunnel  incl.  LIRR) 

8.  TTC  Yonge  St.  Extension  (subway  &  cut) 

9.  Light  Rail  Edmonton  (77%  grade,  23%  tunnel) 
10.  BART  (36%  grade,  37%  elevated,  31%  tunnel) 


Passenger  use,  weekday 
PMT/mile  of  two-track 
equivalent  guideway 

74,037 

30,000 
150,000e 

43,262 

13,000 

25,462 
190,000e 

68,474 

16,300 

28,745 


Construction  cost, 
million  1977  $$  per 
mile  of  two-track 
equivalent  guideway 

10.0* 

9.8 
56.0** 
22.9* 

8.0 
16.5 
143.0 
58.6 
15.3 
36.2 


Construction  cost, 
1977  constant  $  per 
weekday  PMT 

135 
327 
373 
529 
615 
648 
752 
855 
939 
1,259 


11.  WMATA  (cost  reflects  Phase  II,  90%  tunnel) 

12.  CTS  -  Airport  extension  (near  grade) 

13.  Peoplemover  Tampa  (elevated) 

14.  MBTA  Haymarket  North  (tunnel  &  grade) 

15.  MARTA  Phase  I  (20%  grade,  45%  elevated,  35%  tunnel) 

16.  Peoplemover  -  Airtrans  (80%  grade,  20%  elevated) 

17.  NYCTA  Archer  Avenue  (subway) 

18.  Peoplemover  -  Sea-Tac  (subway) 

19.  Peoplemover  -  Morgantown  (elevated) 

20.  SEPTA  Snyder-Pattison  (subway) 


42,170  54.6  «  1,295 

7,662  10.4  1,357 

12,087  18.4  1,523 

21,164  35.5  1,677 

27,168  49.7****  1,829 

4,483  8.2  1,829 

40,000  73.5  1,837 

14,093  37.4  2,654 

6,607  20.4  3,088 

8,000***  48.1  6,016 


*  Excludes  interstate  highway  expenditures  in  preparing  right-of-way. 
**  No  stations  included  in  sections  built. 
***  Excludes  heavy  weekend  use. 
****  Includes  construction  attributable  to  northern  leg  not  yet  in  use  in  1980 

Source:  Contract  cost  data  from  respective  agencies— unless  furnished  in  constant  dollars— were  adjusted  to  mid-year  of  construction  period  by 
ENR  cost  index,  then  converted  to  1977  dollars;  cost  data  for  peoplemovers  based  on  N.D.  Lea  &  Associates,  Summary  of  Capital  and 
O&M  Cost  Experience  of  AGT Systems,  1978.  Passenger  use  data  from  Tables  A-6  to  A-8.  BART  use  based  on  1980  level  of  160,700 
weekday  passengers. 

All  construction  costs  actual,  not  estimated;  all  PMT  data  actual,  except  for  NYCTA  where  estimated  present  use  levels  are  shown,  if 
lines  were  operational  and  connected  to  feeders  as  intended. 
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despite  high  construction  costs,  also  show  low  costs  per  passenger-mile, 
in  scale  with  the  El  Monte  Busway  in  Los  Angeles.    BART  and  WMATA  are 
close  to  the  median  value  while  Edmonton's  light  rail  line's  lower.  All 
peoplemovers  are  in  the  upper  range  of  the  cost-per-passenger-mile 
scale.    Also  in  the  upper  range  are  fairly  high-cost  rapid  transit 
projects  with  moderate  passenger  volumes,  such  as  MARTA's  first  phase, 
MBTA's  Haymarket  North  and  NYCTA's  Archer  Avenue  subway.    SEPTA' s  cost 
per  weekday  passenger-mile  for  the  Snyder-Pattison  extension  of  the 
Broad  Street  line  creates  a  false  impression  because  its  major  function 
is  to  provide  weekend  access  to  a  cluster  of  sports  stadiums. 

Despite  such  idiosyncrasies,  the  investment  per  passenger-mile 
does  provide  an  indication  of  the  value  which  public  decision-makers 
have  implicitly  placed  on  providing  service  by  fixed  guideways.    At  the 
conception  of  most  of  the  projects  listed,  federal  participation  in 
funding  was  more  limited  than  it  later  became,  so  that  most  of  them 
involved  a  substantial  local  commitment.    As  an  aid  in  evaluating  future 
projects,  it  is  reasonable  to  relate  them  to  these  past  levels  of  commit- 
ment.   One  such  investment  yardstick  could  be  the  median  value  of  past 
expenditures  per  daily  passenger-mile,  or  $1,250  in  1977  prices.  This 
yardstick  is  very  stringent,  for  by  definition  half  the  projects  listed 
would  not  qualify.    A  more  liberal  yardstick  would  be  the  75th  percentile 
value,  or  about  $1,800  per  weekday  passenger-mile  in  1977  prices. 

It  has  been  suggested  that  these  values,  showing  the  "revealed 
preference"  of  decision-makers,  may  be  strongly  influenced  by  the  degree 
to  which  specific  projects  did  in  fact  receive  federal  funds.    Data  on 
the  source  of  funds  are  not  available  in  sufficient  detail  to  test  this. 
Offhand,  a  strong  relationship  of  this  type  does  not  stand  out  from 
Exhibit  2.17.    A  number  of  other  variables,  such  as  the  absolute  size  of 
the  project,  and  anticipated  rather  than  actual  ridership  levels  have 
played  a  role  in  the  local  decisions. 

To  interpret  a  value  such  as  $1,250  in  construction  cost  per 
passenger-mile  carried  on  an  average  weekday,  this  capital  expenditure 
must  be  annualized  over  the  lifetime  of  the  facility.    This  requires 
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choosing  both  an  appropriate  lifetime  and  an  appropriate  discount  or 
interest  rate.    As  pointed  out  in  connection  with  amortizing  energy 
expenditures,  some  elements  of  fixed  guideways  do  have  to  be  replaced 
periodically,  while  others  have  a  virtually  indefinite  lifetime.    It  is 
appropriate  to  treat  each  of  these  categories  of  capital  stock  separately 
in  any  detailed  analysis.    For  illustration  weighted  lifetimes  of  45 
and  75  years  are  used  below.    The  former  period  can  represent  the 
weighted  lifetime  of  a  light  rail  facility  with  no  tunnels,  the  latter  -- 
the  weighted  lifetime  of  a  rapid  transit  facility  with  nearly  half  its 
length  in  tunnel . 

In  choosing  a  proper  discount  rate,  it  is  most  important  to 
distinguish  between  the  true  long-term  opportunity  cost  of  capital  and 
the  lenders'  anticipation  of  future  inflation.    One  can  use  the  current 
gross  interest  rate  (which  includes  both)  to  compare  capital  costs  with 
operating  costs  on  an  equal  footing,  but  then  future  operating  costs  -- 
or  future  savings  --  must  be  also  expressed  in  future,  inflated  dollars. 
To  avoid  assumptions  about  future  inflation,  it  is  simpler  to  express 
operating  costs  or  savings  in  constant  dollars  and  use  a  discount  or 
interest  rate  that  also  reflects  constant  prices,  net  of  inflation. 

Following  Office  of  Management  and  Budget  guidelines,  a  10 
percent  discount  rate  has  been  widely  used  in  evaluating  public  capital 
expenditures.    Inflation  having  averaged  6.7  percent  annually  over  the 
decade  of  the  1970' s  (measured  by  the  implicit  price  deflator  of  GNP), 
this  corresponds  to  a  net,  or  real-dollar  discount  rate  of  3.1  percent.* 
This  is  in  scale  with  the  3, percent  that  is  widely  considered  to  be  the 
historic,  long-term  cost  of  capital. 

One  can  include  a  risk  factor  --  essentially,  insurance  against 
the  eventuality  that  the  investment  will  be  abandoned  prematurely  --  and 


*The  "real"  interest  rate  is  given  by  the  formula  (1+r):  (1+p), 
where  r  is  the  nominal  or  gross  annual  interest  rate  and  p  the  annual 
rate  of  inflation;  both  are  expressed  as  fractions  of  1.    For  small 
values  of  r  and  p,  this  is  nearly  equivalent  to  r  -  p. 
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use  a  4  percent  or  higher  discount  rate.    On  the  other  hand,  it  has  been 

argued  that  the  risk  factor  in  public  investment  can  be  neglected  because 

49 

it  is  spread  over  so  many  risk-takers,  namely  taxpayers.  "    For  purposes 
of  illustration,  both  rates  are  used  here.    The  $1,250  median  construction 
expenditure  per  weekday  passenger-mile,  with  a  rail  transit  average  of 
280  weekday  passenger  equivalents  in  a  year,  prorated  over  a  45-year 
life  of  a  facility  becomes  about  22<t  with  a  4  percent  discount  rate  and 
18<t  with  a  3  percent  discount  rate;  if  a  75-year  lifetime  is  assumed, 
the  two  values  drop  to  18<t  and  15<£  per  passenger-mile,  respectively. 
The  75th  percentile  capital  expenditure  of  $1,800  in  1977  dollars 
similarly  becomes  equivalent  to  anywhere  from  22<t  to  31<t  per  passenger- 
mile. 

What  kind  of  savings  can  cover  this  kind  of  an  investment? 
Recognizing  all  the  difficulties,  emphasized  in  Chapter  I,  of  conducting 
a  bona  fide  "benefit-cost"  analysis,  it  is  still  instructive  to  compare  -- 
very  roughly  --  the  labor,  energy  and  land  savings  discussed  so  far  to 
the  capital  expenditure.    This  is  done,  using  an  above-ground  rapid 
transit  line  for  illustration,  in  Exhibit  2.18. 

The  savings  in  labor  --  compared  to  carrying  the  same  passenger 
volume  by  bus  --  can  be  easily  translated  into  dollars  by  using  the  1977 
average  transit  labor  cost  of  $20,700  annually  per  worker.    The  magnitude 
of  these  savings  will  vary  mainly  depending  on  what  share  of  the  rail 
travel  comes  from  buses.    In  the  left  part  of  the  Exhibit,  it  is  assumed 
that  bus  was  the  former  mode  of  58  percent  of  the  rail  travel.    In  the 
right  part,  which  assumes  significant  expansion  of  bus  feeder  services, 
the  net  former  bus  share  drops  to  29  percent. 

Conversely,  energy  savings,  based  on  Exhibit  2.14,  are  cal- 
culated on  the  left  side  assuming  that  42  percent  of  the  travel  is 
diverted  from  autos  and  on  the  right  side,  assuming  71  percent.  Because 
the  energy  savings  represent  gross  input  into  the  economy,  an  appropriate 
price  is  not  the  retail  price  of  diesel  fuel,  but  rather  the  world  price 
of  crude  oil,  taken  to  be  $30  per  barrel  (5,800,000  Btu).    It  has  been 
argued  that  the  marginal  social  cost  of  imported  petroleum  is,  in  fact, 
much  higher.    As  a  yardstick  for  evaluating  conservation  measures,  the 
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Harvard  Business  School  Energy  Project  has  suggested  a  value  of  $80  per 
50 

barrel.       This  value  is  used  for  illustration  on  the  right  side  of 
Exhibit  2.18. 

Savings  in  land  are  harder  to  define  in  monetary  terms, 
because  systematic  data  on  urban  land  values  is  virtually  nonexistent, 
and  public  land  in  streets  and  other  transportation  facilities  pays  no 
rent.  In  downtowns,  however,  parking  charges  are  a  reasonable  reflec- 
tion of  prevailing  land  rents  even  though  they  include  labor  costs  and 
other  items.    Daily  parking  rates  in  the  core  of  downtowns  vary  from 

about  $2.50  at  a  downtown  size  of  30  million  square  feet  (2.8  million 

2 

m  )  to  about  $4  at  a  downtown  size  approaching  100  million  square  feet 
(9.3  million  m  )  in  1977  prices,  as  shown  subsequently  in  Exhibit  3.16. 
The  lower  of  these  two  values  is  used  on  the  left  side  of  the  exhibit, 
and  the  higher  one  on  the  right  side,  assuming  that  each  auto  trip 
diverted  to  rail  would  have  carried  1.4  passengers  over  a  5-mile  dis- 
tance inbound  and  outbound.    Not  every  auto  user  would  have  paid 
such  a  parking  fee  in  full;  to  reflect  parking  turnover  the  figure  is 
cut  in  half. 

The  point  of  this  very  rough  scaling  exercise  is  to  show  that 
hard  monetary  savings  on  the  order  of  10  to  12  cents  per  passenger-mile 
in  1977  prices  are  not  difficult  for  a  rapid  transit  line  to  develop  if 
its  service  volume  is  in  the  20  to  70  million  place-miles  per  line-mile 
range,  and  if  conservative  assumptions  about  auto  diversion  are  made. 
With  more  liberal  assumptions  about  auto  diversion,  and  placing  a  higher 
value  on  auto-related  savings,  the  monetized  value  of  the  total  labor, 
energy  and  land  savings  can  rise  to  16  to  22  cents  per  passenger-mile  in 
the  same  range  of  service  volume.    Likely  time  savings  (realized  pri- 
marily by  former  bus  users  and  pro-rated  over  all  travellers)  might  add 
4  to  8  cents  to  the  left  side  of  the  exhibit  and  2  to  4  cents  to  the 
right  side  in  1977  prices. 

The  commensurate  levels  of  capital  investment  will  vary, 
depending  on  the  discount  rate  and  amortization  period  used,  as  seen  in 
Exhibit  2.18.    On  the  whole,  the  median  investment  of  $1,250  per  daily 
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passenger-mi le  is  more  in  scale  with  the  conservative  assumptions  on  the 
left,  and  the  75th  percentile  value  of  $1,800  per  daily  passenger-mile, 
more  in  scale  with  the  liberal  assumptions  on  the  right.    In  the  former 
case,  energy  savings  represent  about  one-eighth,  in  the  second  case, 
about  one-third  of  the  total  savings  shown.    This  is  of  interest  for 
deciding  what  share  of  rail  transit  investment  can  reasonably  be  funded 
from  energy  conservation  budgets.    The  labor  savings  in  the  high  bus 
diversion  case  are  on  the  order  of  5  to  6  cents  per  passenger  mile, 
indicating  that  they  alone  are  sufficient  to  offset  a  capital  investment 
of  at  most  $500  per  weekday  passenger-mile,  if  amortized  at  3  percent 
over  75  years. 

Needless  to  say,  the  three  "hard"  savings  shown  and  the 
approximate  indication  of  time  savings  are  but  a  part  of  the  long  list 
of  fixed  guideway  benefits  presented  earlier  in  Exhibit  1.14.    No  attempt 
is  made  here  to  place  a  monetary  value  on  all  the  other  items.    It  is 
deemed  sufficient  that  there  be  proof  of  quantifiable  savings  recouping 
a  stated  portion  of  the  investment;  the  worth  of  other  benefits  can  then 
more  easily  be  left  to  judgement. 

A  significant  point  in  Exhibit  2.18  is  the  variation  in  savings 
per  passenger-mile  with  rising  volume  of  service.    The  saving  in  parking 
charges  is  constant,  being  a  function  of  downtown  size,  the  percentage 
of  rail  travel  diverted  from  autos,  and  trip  length.    The  time  saving  is 
also  independent  of  volume.    High-speed  lines  can  attain  large  savings 
even  at  low  volume.    Labor  and  energy  savings,  by  contrast,  increase 
from  negative  values  at  very  low  volumes  rather  rapidly  through  the 
middle  range,  and  then  more  slowly  at  high  service  volumes.    At  a  point 
just  after  the  labor-saving  or  energy-saving  threshold  is  crossed,  the 
absolute  magnitude  of  these  savings  is  small.    Therefore,  an  absolute 
criterion,  such  as  the  capital  investment  allowable  per  passenger-mile, 
should  ideally  vary  with  volume.    It  seems  more  appropriate  to  use  a 
higher  investment  yardstick  for  high-volume  facilities  and  a  lower 
investment  yardstick  for  low-volume  facilities. 
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Based  on  typical  construction  cost  figures  shown  earlier  in 
Exhibit  2.17,  one  can  relate  various  assumed  combinations  of  structure 
type  to  the  passenger  volumes  or  service  volumes  needed  to  support  them 
as  follows: 

Construction         Weekday  passen-    Annual  place- 
cost  in  ger-miles  per      miles  per  line- 
1977  $$  line-mile  mile  millions 

RAPID  TRANSIT,  assuming  $1,250  per  weekday  passenger-mile  investment  criterion: 

1/3  grade,  1/3  cut  &  fill ,  1/3 

elevated  $18  million/mile       14,400  18 

1/3  tunnel,  rest  as  above  $30  million/mile  24,000  29 

All  tunnel  $52  million/mile  41,600  50 

assuming  $1,800  per  weekday  passenger-mile  investment  criterion: 

1/3  tunnel,  rest  as  shown  $30  million/mile  16,700  20 

All  tunnel  $52  million/mile  28,900  35 

LIGHT  RAIL,  assuming  $1,250  per  weekday  passenger-mile  investment  criterion: 

At  grade,  minimum  construction  $5  million/mile  4,000  5 

2/3  grade,  1/3  cut  &  fill  $9  million/mile  7,200  9 

1/5  tunnel,  rest  as  above  $17  million/mile  13,600  16 

All  tunnel  $50  million/mile  40,000  48 

PE0PLEM0VER 

3/4  elevated,  1/4  at  grade  $15  million/mile  12,000  14 

All  tunnel  $37  million/mile  29,600  35 

Obviously,  in  any  site-specific  situation,  combinations  of 
structure  types  different  from  those  shown  will  be  encountered.    It  is 
an  easy  matter  to  recalculate  the  appropriate  minimum  passenger  volumes 
accordingly.    For  this  study,  the  combinations  shown  are  retained  as 
illustrative  of  fairly  typical  conditions. 
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7.    Summarizing  the  Threshold  Criteria. 

A  summary  of  the  volume  thresholds  at  which  fixed  guideways 
become  worthy  of  consideration,  based  on  the  criteria  of  providing 
minimum  service  frequency,  attaining  labor  savings,  attaining  energy 
savings,  attaining  land  savings  in  downtowns,  and  keeping  the  investment 
per  passenger-mile  around  the  median  value  of  recent  projects,  is  pre- 
sented in  Exhibit  2.19. 

RT  1:        For  rapid  transit  above  ground,  the  minimum  service  and  capital 
investment  criteria  are  identical,  at  about  18  million  place-miles  per 
line  mile  annually,  or  15,000  weekday  passenger-miles  per  mile.  Meeting 
these  criteria  also  insures  meeting  the  land-savings  criterion,  attaining 
savings  in  labor  compared  to  local  buses  and  modest  savings  in  energy. 
RT  2:         If  one-third  of  the  rapid  transit  line  is  in  tunnel,  the 
capital  investment  criterion  becomes  critical,  and  the  minimum  service 
volume  rises  to  29  million  place-miles  per  line  mile  or  24,000  weekday 
passenger-miles  per  mile.    With  that  volume,  the  higher  requirements  for 
energy  saving  will  also  be  satisfied,  and  labor  savings  will  be  attained 
compared  to  buses  operating  at  the  same  speed  as  rapid  transit. 

If  the  high  capital  expenditure  of  $1,800  per  weekday  passenger 
mile  is  admissible,  for  the  same  type  of  construction,  the  minimum 
volume  falls  to  21  million  place-miles  per  line-mile  annually  or  17,140 
passenger-miles  per  mile  daily.    At  this  level,  energy  savings  are 
questionable  and  buses  are  more  labor  efficient  at  the  same  speed.  This 
is  not  advanced  as  one  of  the  threshold  criteria. 

RT  3:        If  a  rapid  transit  line  is  fully  in  tunnel,  one  may  consider 
the  high-capital  expenditure  of  $1,800  per  weekday  passenger-mile,  to 
reflect  the  land-use  benefit  of  tunneling.    The  minimum  volume  then 
becomes  29,000  weekday  passenger-miles  or  35  million  annual  place-miles 
per  line  mile.    This  will  be  on  the  verge  of  attaining  energy  savings 
(more  difficult  with  a  tunnel)  but  well  within  the  range  of  labor  savings 
compared  to  buses  at  the  same  speed. 
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LR  1:        For  a  very  low-capital  light  rail  line  near  grade,  the  minimum 
service  and  capital  investment  criteria  are  identical,  at  5  million 
annual  place-miles  per  line-mile,  or  4,000  weekday  passenger-miles  per 
mile.    With  that  volume,  minor  labor  savings  compared  to  existing  buses 
can  be  realized,  but  there  will  be  no  energy  savings,  and  peak  period 
use  of  land  will  be  no  more  efficent  than  that  of  an  existing  arterial 
street. 

LR  2:        For  a  more  adequate  light  rail  line  with  considerable  grade- 
separation,  the  capital  investment  criterion  becomes  critical,  requiring 
a  minimum  volume  of  9  million  annual  place-miles  per  line-mile,  or  7,200 
weekday  passenger-miles  per  mile.    With  that  volume,  labor  savings 
compared  to  buses  at  the  same  speed  begin  to  be  attained,  land  during 
the  peak  is  used  more  efficiently  than  by  a  local  arterial,  and  energy 
savings  begin  to  be  attained. 

LR  3:        For  a  light  rail  line  with  1/5  of  the  route  in  tunnel,  the 
capital  investment  criterion,  again,  governs,  requiring  a  minimum 
volume  of  16  million  annual  place-miles  per  line-mile,  or  13,600  weekday 
passenger-miles  per  mile  of  line.    That  volume  will  also  insure  peak 
period  use  of  land  more  efficient  than  that  of  a  freeway  lane,  as  well 
as  savings  in  labor  and  energy. 

The  six  threshold  levels  outlined  --  termed  RT  1,  RT  2,  RT  3, 
LR  1 ,  LR  2  and  LR  3,  are  used  in  Chapter  IV  for  comparison  with  estimated 
vol umes  of  travel . 

For  peoplemovers  of  the  prevailing  rubber-tired  technology 
used  in  a  downtown  environment  for  internal  circulation,  the  various 
criteria  do  not  fall  into  a  neat  progression.    At  6  million  place-miles 
per  line-mile  annually,  or  about  5,000  daily  passenger-miles  per  mile, 
labor  savings  begin  to  be  attained  compared  to  a  local  bus  at  downtown 
speeds  if  the  peoplemover  is  about  3  miles  long  and  land  begins  to  be 
used  more  intensively  than  by  a  local  arterial.    However,  the  capital- 
intensive  structure,  assuming  3/4  elevated  routing,  requires  a  volume  of 
14  million  place-miles  per  line-mile  annually,  or  12,000  daily  passenger- 
miles  per  mile,  to  satisfy  the  capital  investment  criterion.  Energy 
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savings,  even  without  snowmelting,  cannot  be  attained  with  volumes  less 
than  55  million  place-miles  per  line  mile,  or  45,300  weekday  passenger- 
miles  per  mile.    Ranges  related  to  these  values  are  used  in  Chapter  IV. 

With  the  accounting  system  used  here,  four  measures  --  annual 
place-miles  per  line-mile,  annual  passenger-miles  per  line-mile,  weekday 
passenger-miles  per  line-mile,  and  weekday  persons  per  direction  per 
hour  at  maximum  load  point  --  can  be  used  interchangeably;  the  conversion 
factors  are  given  in  the  bottom  part  of  Exhibit  2.19.    This,  however, 
assumes  that  for  any  one  system,  the  average  relationships  shown  are 
maintained.    If  this  is  not  the  case,  appropriate  adjustments  must  be 
made. 

To  facilitate  comparison  with  passenger  volume  estimates  in 
Chapter  IV,  which  are  developed  on  a  weekday  basis,  the  threshold 
criteria  applied  there  are  expressed  in  weekday  passenger-miles  per  mile 
of  line.    This  still  maintains  the  two  assumptions  that  these  passenger- 
miles  are  carried  by  vehicle  places  which  are  23.3  percent  occupied,  on 
an  annual  average  basis,  and  that  there  are  280  weekday  equivalents  in  a 
year.    As  indicated  earlier,  actual  passenger  occupancies  on  rail 
systems  vary  between  about  15  and  35  percent,  and  may  require  adjustment 
in  specific  cases.    The  daily  to  annual  travel  relationship  is  more 
stable,  and  varies  only  from  297  weekday  equivalents  in  New  York  to  256 
on  systems  that  are  closed  on  weekends. 

With  minimum  volume    thresholds  that  are  likely  to  insure  the 
attainment  of  the  several  fixed  guideway  objectives  thus  established, 
one  can  proceed  to  look  for  the  travel  corridors  where  such  travel 
volumes  can  be  found. 
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Exhibit  2.19 

Minimum  Volume  Thresholds  at  Which  Guideways  Become  Worthy  of  Consideration 


CRITERION 


1.  Minimum  service  frequency 
in  scale  with  existing  lines 

2.  Possibility  of  attaining  labor 
savings  compared  to  indicated 
bus  operation 


RAPID  TRANSIT  LIGHT  RAIL  PEOPLEMOVER 

Service  volume,  annual  place-miles  per  line-mile 


3.  Possibility  of  attaining  energy 
savings  within  22  to  45  years 
compared  to  modes 
previously  used 


18  million 
9  million 

at  25  mph,  16  trains/hr 
compared  to  urban  bus 
at  1 2  mph 

23  million  at  25  mph, 
8  trains/hr  compared 
urban  bus  at  same  speed 

12-15  million 

if  above  ground 

20-25  million  if  1/3  tunnel 

33-40  million  if  in  tunnel 


5  million 
4  million 

at  20  mph,  8  trains/hr 
compared  to  urban  bus 
at  12  mph 

8  million  at  20  mph, 
8  trains/hr  compared 
urban  bus  at  same  speed 

7-9  million 

if  above  ground 

11-14  million  if  1/5  tunnel 

27-35  million  if  in  tunnel 


4  million 
6  million 

at  10  mph,  3-mile  line 
compared  to  urba  bus 
at  6  mph 

10  million  at  10  mi^  h, 

1-mile  line  compared 
to  bus  at  6  mph 

55  million 

above  ground, 
no  snow  melting 
90  million 
with  snow  melting 
80  million  in  tunnel 


4.  Peak-period  use  of  land  at 
least  as  efficient  as  an  auto 
roadway  with  modest  bus  use 


5.  Limitation  of  investment 
per  passenger-mile  to 
median  of  current  practice 
(51,250/weekday  PMT  in 
1977  prices)  assuming  load 
factors  indicated  below 

At  31,800/weekday  PMT 


16  million 

compared  to 
freeway 


18  million 

if  above  ground 
(1/3  grade,  1/3  cut 
and  fill,  1/3  elevated) 
29  million 
if  1/3  in  tunnel, 
remainder  as  above 
35  million 
all  tunnel 


16  million 

compared  to 
freeway 
6  million 

compared  to  arterial 
5  million 

(if  minimum  construction) 

9  million 

if  above  ground 

(2/3  grade,  1/3 

cut  and  fill) 

16  million 

if  1/5  in  tunnel 

remainder  as  above 


6  million 

compared  to  arterial 

14  million 

if  above  ground 
(3/4  elevated, 
1/4  at  grade) 
35  million 
if  all  tunnel 


CONVERSION  FROM  ANNUAL  PLACE-MILES  PER  LINE-MILE  TO  WEEKDAY  PEAK, 

WEEKDAY  AVERAGE  AND  ANNUAL  AVERAGE  PASSENGER-MILES 

(assumes  100%  peak  hour,  peak  direction  occupancy  and  23.3%  average  annual  occupancy) 


(1) 

Annual  place-miles 
of  service  per  line-mile, 
millions 


(2) 

Annual  PMT/line  mile 
average  over  entire  line 
millions 
23.3  percent  of  (1) 


(3) 

Weekday  PMT/line  mile 
average  in  both  directions 
(2):  280 


(4) 

Weekday  persons  per 
direction  per  hour  at 
maximum  load  point 
one  person  =  one  place 
(2)  x  0.5  x  0.26  x  1.754* 


5 
10 
15 
20 

30 
50 
100 
150 


1.17 
2.33 
3.50 
4.67 

7.00 
11.67 
23.35 
35.02 


4,170 
8,339 
12,509 
16,678 

25,017 
41,695 
83,391 
125,086 


950 
1,900 
2,850 
3,800 

5,700 
9,500 
19,000 
28.500 


*  Based  on  Table  A-7.  Assumes  passenger  trip  length  as  57%  of  car  trip  length. 
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CHAPTER  III.      TRAVEL  DEMAND 
"1 .    The  Effect  of  Population  Distribution. 

The  purpose  of  this  chapter  is  to  prepare  an  estimate  of  the 
travel  volumes  that  could  be  attracted  by  fixed  guideways  in  American 
urban  areas  currently  without  them.    To  this  end,  previously  developed 
travel  demand  models'*  are  validated  and  adjusted.    These  comprise  a  trip 
attraction  model  which  estimates  total  travel  between  a  residential  and 
a  nonresidential  area,- and  a  mode  choice  model,  which  estimates  the 
share  of  total  trips  that  will  be  made  by  particular  transit  modes. 
Central  to  each  of  these  models  is  the  pattern  of  residential  location 
in  an  urban  area  and  the  amount  of  nonresidential  activity  in  its  downtown. 

The  geographic  population  patterns  of  American  cities  are 
examined  first.    Three  characteristics  are  pertinent:    the  total  popula- 
tion of  an  urban  area,  its  ring  or  radial  distribution  indicative  of  the 
density  gradient,  and  its  sectoral  or  circumferential  distribution, 
usually  a  result  of  topographic  constraints. 

The  total  population  of  an  urban  area  has  been  often  used  as 
an  index  of  rail  transit  feasibility  in  the  past.    It  is  a  very  rough 
index,  because  total  population  distributed  over  an  unspecified  land 
area  does  not  determine  --  except  in  a  very  broad  range  --  how  many 
people  are  likely  to  live  near  a  potential  rail  line  in  a  specific 
travel  corridor  and  how  many  of  these  will  in  fact  find  the  line  useful 
for  their  daily  trips.    Of  further  interest  is  the  length  of  the  anti- 
cipated trips,  since  it  also  affects  the  future  travel  volume  --  passen- 
ger-miles (and  hence  place-miles)  per  mile  of  line.    In  the  discussion 
that  follows,  relationships  between  the  total  population  of  an  urban 
area  and  its  radial  and  circumferential  distributions  are  examined  to 
pinpoint  the  population  of  particular  travel  corridors. 

The  radial  population  distribution  is  shown  for  each  of  34 
large  urban  areas  in  the  United  States  in  Exhibit  3.1,  which  depicts  the 
accumulated  percent  of  total  population  up  to  20  miles  (32  km)  from  the 
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city  center.    These  distributions  are  based  on  1970  Census  Standard 

Metropolitan  Statistical  Area  (SMSA)  data  reported  in  the  USDQT  Urban 

2 

Data  Book.     Cities  with  major  rail  transit  systems  in  existence  or 
under  construction  in  1980  are  shown  in  bold  type. 

Generally,  metropolitan  areas  of  2  to  10  million  average  some 
90  percent  of  their  population  within  a  radius  of  20  miles  (32  km);  an 
exception  is  the  two-centered  area  of  Dallas  -  Ft.  Worth.    Though  one 
has  to  go  a  similar  distance  —  an  average  of  17  miles  from  the  center 
(27  km)  --  to  reach  90  percent  of  the  population  in  metropolitan  areas 
on  the  order  of  1  million,  a  much  smaller  absolute  population  will  be 
reached.    It  is  clear  that  a  rail  line  of  similar  length  will  have  fewer 
potential  riders  living  nearby  in  the  smaller  cities. 

Therefore,  while  population-distance  profiles  given  in  percent 
are  of  interest,  more  relevant  for  estimating  travel  is  the  absolute 
number  of  people  found  within  a  given  distance  from  the  city  center. 
This  is  shown  in  Exhibits  3.2  through  3.6,  which  are  grouped  to  compare 
urban  areas  of  similar  total  population. 

The  first  in  the  series,  Exhibit  3.2,  includes  New  York,  Los 
Angeles,  Chicago,  and  Philadelphia.    While  New  York  stands  out  with  9 
million  people  living  within  13  miles  (21  km)  of  its  center,  the  Los 
Angeles  and  Chicago  profiles  resemble  each  other  quite  closely,  a  fact 
not  readily  apparent  from  Exhibit  3.1.    Each  has  4  million  people 
within  13  miles  (21  km)  of  its  center.    Philadelphia,  with  a  consider- 
ably smaller  total  population  than  Los  Angeles  or  Chicago  has  more 
residents  within  an  8  mile  (13  km)  radius  --  about  2.4  million. 

In  the  next  group  of  urban  areas  with  2  to  4  million  residents 
in  Exhibit  3.3,  Boston  and  Washington  show  very  similar  distributions, 
reaching  about  2  million  residents  at  a  distance  of  11  miles  (18  km); 
Detroit  reaches  the  same  point  more  gradually.    Baltimore,  with  a  much 
smaller  total  population,  has  nevertheless  about  as  many  residents 
within  6  miles  (10  km)  as  San  Francisco,  Boston,  Washington  or  Detroit. 
San  Francisco  has  more  residents  than  the  others  within  5  miles  (8  km), 
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but  at  longer  distances  its  profile  becomes  erratic  due  to  the  voids 
resulting  from  topography. 

In  Exhibit  3.4,  all  seven  urban  areas  in  the  1  to  2  million 
population  group  have  similar  profiles  close  to  the  center,  with  roughly 
0.9  million  residents  living  within  8  miles  (13  km).    Farther  out,  New 
Orleans  and  Milwaukee  have  few  additional  residents.    The  profiles  of 
Pittsburgh,  Minneapolis  -  St.  Paul  and  Houston  stay  close  together  up  to 
15  miles  (24  km),  at  which  distance  each  reaches  almost  1.6  million. 
The  larger  urban  areas  of  St.  Louis  and  Cleveland  contain  about  1.75 
million  residents  at  that  distance. 

In  Exhibit  3.5,  Dallas  -  Ft.  Worth,  Miami,  Atlanta,  Cincin- 
nati, Buffalo,  Kansas  City,  San  Diego  and  Denver  all  have  between  0.9 
and  1.0  million  residents  within  11  miles  (18  km)  of  their  centers;  at 
greater  distances,  there  is  considerable  divergence.    The  Seattle  curve 
falls  below  the  others  between  about  4  and  14  miles  (6  and  23  km) 
because  of  topographic  voids. 

Lastly,  in  Exhibit  3.6,  Providence,  Portland,  Indianapolis, 
Phoenix,  Columbus,  Louisville,  and  San  Antonio  all  appear  with  0.7  to 
0.8  million  residents  within  11  miles  (18  km)  of  their  centers.  Their 
population  distribution  curves  stay  fairly  close  together  at  longer 
distances  as  well,  except  for  the  metropolitan  area  of  Providence,  which 
contains  several  smaller  cities  beyond  the  11  mile  (18  km)  radius.  By 
contrast,  Dayton  and  Tampa  -  St.  Petersburg  have  only  0.6  and  0.4  million 
residents,  respectively,  at  that  distance. 

It  is  useful  to  express  the  curves  of  Exhibits  3.2  through  3.6 
in  terms  of  the  distance  required  to  reach  a  given  number  of  people 
living  around  an  urban  area's  center.    These  distances  represent  a  rough 
measure  of  how  long  a  radial  transit  system  should  be  to  reach  a  given 
number  of  potential  users  and  are  shown  in  Exhibit  3.7  for  each  of  the 
34  urban  areas  graphed. 

It  can  be  seen,  for  example,  that  a  population  of  0.75  million 
is  reached  within  11  miles  (18  km)  or  less  by  all  areas  except  Tampa  - 
St.  Petersburg,  Dayton,  Louisville,  Providence  and  Phoenix.    By  contrast, 
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Exhibit  3.2 

Population-Distance  Profiles 

New  York,  Los  Angeles,  Chicago,  Philadelphia 
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Exhibit  3.3 

Population-Distance  Profiles 

Detroit,  San  Francisco,  Boston,  Washington,  Baltimore 


Distance  to  City  Center,  miles 
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Exhibit  3.4 

Population-Distance  Profiles 

St.  Louis,  Cleveland,  Pittsburgh,  Minneapolis-St.  Paul,  Houston,  Milwaukee,  New  Orleans 


Distance  to  City  Center,  miles 
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Exhibit  3.5 

Population-Distance  Profiles 

Dallas-Ft.  Worth,  Miami,  Atlanta,  Cincinnati,  Seattle,  Buffalo,  Kansas  City,  San  Diego,  Denver 


Distance  to  City  Center,  miles 


-183- 


Exhibit  3.6 

Population-Distance  Profiles 

Providence,  Portland,  Indianapolis,  Phoenix,  Columbus,  Dayton,  Louisville,  San  Antonio 


Population 
Within  Given 
Distance,  millions 


Providence 


Portland 
Indianapolis 
Phoenix 
Columbus 
# •  Dayton 
—  Louisville 
-j-.-*—  —  —  San  Antonio 


Tampa-St.  Petersburg 


i — i — r 


"I  '  1  r 

4  6' 


— i — 1 — r 

10  12 


~l  1  1  '  1  '  1 

14         16         18  20 


Distance  to  City  Center,  miles 
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Exhibit  3.7 

Radial  Distances  to  Reach  a  Given  Population  in  34  Urban  Areas 


Distance  (miles)  to  Reach  Given  Population 


Population  (mi 

1 1  ions) 

Urban  Area 

0.50 

0.75 

1.0 

1.5 

2.0 

3.0 

4.0 

New  York 

2.2 

2.8 

3.3 

4.1 

4.6 

5.7 

6.9 

Los  Angeles 

3.8 

4.6 

5.4 

6.9 

8.3 

10.9 

13.6 

Chicago 

3.9 

4.6 

5.3 

6.5 

7.7 

10.4 

13.7 

Philadelphia 

2.6 

3.4 

4.2 

6.0 

7.5 

12.0 

20.0 

Detroit 

4.6 

5.8 

6.9 

9.0 

10.9 

15.6 

— 

San  Francisco 

3.4 

6.2 

9.2 

12.5 

16.6 

-- 

— 

Boston 

3.5 

4.5 

5.7 

8.4 

11.8 

~ 

-- 

Washington 

3.8 

4.9 

5.8 

8.0 

10.8 

-- 

Dallas-Ft.  Worth 

6.2 

8.6 

10.9 

-- 

-- 

- 

Cleveland 

5.3 

6.6 

8.0 

11.8 

-- 

-- 

-- 

St.  Louis 

5.2 

6.7 

8.2 

12.1 

19.2 

-- 

- 

Pittsburgh 

4.3 

5.9 

7.9 

13.4 

- 

- 

- 

Minneapolis-St.  Paul 

5.2 

6.8 

8.5 

13.0 

-- 

-- 

-- 

Houston 

5.3 

7.0 

8.8 

13.2 

-- 

-- 

- 

Baltimore 

3.6 

4.9 

6.2 

10.7 

19.2 

-- 

- 

Milwaukee 

4.5 

6.3 

9.2 

— 

~ 

- 

-- 

Seattle 

7.0 

9.7 

13.5 

-- 

~ 

— 

— 

Miami 

6.1 

8.3 

1 1.9 

-- 

— 

— 

San  Diego 

6.2 

8.7 

12.5 

-- 

— 

— 

Atlanta 

6.0 

8.7 

12.2 

Cincinnati 

5.6 

7.8 

1 1.2 

Kansas  City 

6.8 

9.3 

12.4 

Buffalo 

5.4 

7.8 

11.7 

Denver 

5.4 

7.3 

10.3 

New  Orleans 

4.1 

6.9 

20.0 

Tampa-St.  Petersburg 

16.5 

Phoenix 

7.5 

11.6 

Portland 

6.4 

10.1 

Indianapolis 

5.9 

9.2 

Providence 

6.9 

12.6 

16.6 

Columbus 

5.7 

9.8 

San  Antonio 

5.5 

9.1 

Louisville 

6.7 

11.6 

Dayton 

7.6 

15.4 

Notes:      Dash  indicates  that  the  population  is  not  reached  in  20  miles. 

Urban  areas  with  existing  or  committed  fixed  guideway  systems  shown  in  bold  type. 


-185- 


o 
o 
o 


c 

0) 

(J 

E 
o 


X 

ID 

<* 

p» 

CD 

O 

ID 

ID 

X 

CM 

X 

^3- 

LD 

x 

CD 

CD 

X 

CD 

LD 

o 

CD 

03 

CO 

cc 

CD 

CN 

r~ 

O 

o 

CN 

X 

o 

r> 

o 

CO 

%r 

03 

LO 

LO 

r- 

CO 

CM 

CD 

ID 

x_ 

CO 

O 

r-~ 

CD 

CO 

*~- 

CO 

o 

CM 

CO 

"~- 

CO 

CO 

03 

CD 

X 

CD 

X 

00 

r-. 

co" 

CN 

co" 

*-* 

CD 

CO 

CO 

CN 

ID 

CO 

r*. 

CD 

r~ 

«* 

CM 

X 

CO 

X 

x 

CM 

o 

X 

ID 

X 

LD 

«it 

LO 

CD 

CO 

CO 

o 

CN 

X 

X 

CN 

r~ 

CM 

CO 

x 

03 

X 

X 

CD 

X 

CO 

CM 

CXI 

X 

o 

LO 

o 

00 

LD 

CD 

r-. 

°i 

CD 

CD^ 

CN 

o 

CN 

03 

CO 

o 

CN 

CN 

X 

x 

03 

X 

CD 

X 

X 

LD 

x" 

CN 

co" 

CD 

CO 

05 

ID 

CN 

CD 

«tf 

CN 

r> 

O 

CN 

CM 

CN 

o 

Q 

ID 

CD 

03 

X 

X 

o 

LO 

O 

CO 

CD 

CN 

x 

CO 

ID 

CM 

X 

X 

CO 

CO 

a 

CM 

O 

03 

LO 

co 

X 

CO 

CD 

% — 

CD 

LCI 

CO 

CO 

CO 

CO 

CN 

o 

OJ 

CO 

CN 

o 

CN 

X 

X 

X 

X 

X 

X 

03 

PN 

CN 

CO 

CD 

r-» 

o 

CD 

CD 

CD 

ID 

CM 

O 

o 

CO 

03 

CN 

CD 

LD 

X 

X 

X 

LO 

X 

X 

CO 

O 

O 

co 

ID 

CO 

CN 

CD 

CD 

CO 

CD 

03 

%r 

ID 

c-i 

«* 

O 

X 

r~ 

X 

o 

o 

CO 

CO 

00 

CO 

LD 

ID 

ID 

O 

CM 

O 

o 

O 

o 

X 

X 

X 

CO 

CO 

X 

X 

^r" 

CN 

CN 

c 
> 

5 


CO 

CO 

CO 

CO 

co 

r~ 

CO 

X 

X 

CD 

o 

X 

CN 

p> 

r» 

o 

r» 

CM 

CN  O 

X 

On) 

X 

o 

CO 

LD 

CO 

X 

o 

CM 

-J- 

00 

CD 

oo 

o 

00 

CM 

X 

X 

X 

CO 

X 

CO 

«-  LD 

X 

LD 

T 

' — 

O 

c 

X 

o 

o 

03 

CD 

X 

CD 

03 

X 

X 

t-« 

X 

CM 

X 

CM 

CD 

o 

LD 

LD 

r> 

CO 

o 

CN 

1--. 

X 

Q 

X 

CN 

CD 

X 

X 

X 

r- 

o 

CN 

X 

CN 

X 

CD 

CD 

CO 

X 

CN 

C 

03 

LO 

X 

00 

CD 

X 

X 

X 

X 

CD 

OJ 

<3- 

X 

CN 

CN 

O 

CD 

X 

03 

X 

CD 

00 

X 

00 

CO 

r- 

r> 

CO 

X 

CO 

CD 

CO 

3 

a 
o 

0. 

■o 

09 


3 

E 

3 

O 

u 

< 


CD 

X 

03 

CN 

CD 

o 

*t 

O 

O 

CD 

X 

X 

CD 

«* 

<* 

03 

X 

X 

CM 

X 

LD 

p» 

CD 

o 

X 

00  CM 

CN 

03 

r- 

X 

X 

CD 

CD 

CM 

o 

CD 

X 

X 

X 

X 

CO 

CX 

X 

CD 

LD 

CN 

CM 

O 

CD 

CD 

CD 

X 

X 

r~- 

00 

P^ 

r» 

X 

CO 

X 

X 

X 

CO 

CO 

CO 

X 

LO 

X 

X 

CO 

X 


Xl^'tf'd-CDCOCDCD'- 
000<-<-COXX<d-CN 
CMXXXr^XXi^-r-- 


X 

CO 

X 

CD 

X 

X 

X 

CO 

X 

03 

X 

X 

X 

X 

LO 

X 

X 

X 

X 

X 

a 

X 

CD 

o 

X 

CN 

X 

X 

CO 

LO 

P- 

X 

ID 

"3- 

5- 

X 

LD 

•^r 

LD 

CO 

5 

CM 

x  x  x  r~ 

r-.  o  x  x  cm 
x  x  x  x  <a-  x 


r- 

X 

X 

CN 

X 

c 

X 

r~ 

CD 

o 

o 

X 

CO 

r-« 

X 

CN 

LD 

O 

X 

X 

X 

X 

X 

r«. 

<* 

03 

00 

X 

CM 

X 

o 

o 

X 

X 

X 

CO 

5- 

X 

CO 

CM 

X 

CM 

CM 

X 

X 

CM 

X 

X 

CO 

CO 

CN 

CM 

CO 

CN 

CM 


r^xxoooxr^oo 

X00'3-CNXCOX<- 
i—  CM    t—  <— 


xcooo^rcNcoxx<a- 

<—  CMXXXXXOXX 


o^xr-xoxcM 

XX'—  XXCDCNOr^ 


o 

O  4- 


3 

a 
o 

OL 


■o 
cc 


00 
CO 


3 

E 

3 

u 
u 

< 


< 

c 
D 


c 

o 


3 

a. 


X 


o  = 


3 
-Q 


•—  « 

O    w    a>    tz  +Z. 


Q  cfl  o_  x 


o 


E  5 


O  d.  -S  •=  5  « 


g 
co 

£  1  §  =  X. 

<a  .~    a>  3 

d  o  2  a  co 


E  a 

2  c 


> 

«  «  « 

CO 


V,  <  ^.  00 


c 
o 

-t-» 

c 
< 
c 


o 

c  CO 
"3 


o  o 
W  i  Q.  U 


S  2 

-J  a. 


3 


X 


c 

2  D- 

>  E 

CO  03 

a  h- 


CNX^-LDCDr^XX 


CNX'S-lDCOr-XCD 


o<—  CMX^-xxr^ro 

CMCMCMCNCNCNCNCMCM 


0  oj 

a>  Q 

'P  co 

X  ^ 

1  c§ 

CD  S 

0>  CO 

CD  Q 


2  C/3 


-186- 


double  that  population,  or  1.5  million  is  reached  within  11  miles  or 
less  by  New  York,  Philadelphia,  Chicago,  Los  Angeles,  Washington,  Bos- 
ton, Detroit  and  Baltimore,  in  that  order.    Somewhat  longer  distances 
are  required  to  reach  1.5  million  in  Cleveland,  St.  Louis,  San  Francisco, 
Minneapolis  -  St.  Paul,  Houston  and  Pittsburgh.    Lastly,  a  population  of 
3  million  is  reached  within  11  miles  (18  km)  or  less  by  New  York,  Chicago 
and  Los  Angeles;  somewhat  longer  distances  are  required  in  Philadelphia 
and  Detroit.    Among  urban  areas  that  did  not  have  rail  transit  in  being 
or  under  construction  as  of  1980,  Los  Angeles  and,  to  a  lesser  extent, 
Detroit  rank  high  in  terms  of  population  concentration. 

This  suggests  a  sequencing  of  urban  areas  by  radial  population 
characteristics.    The  absolute  levels  of  population  within  the  first  few 
miles  out  from  the  center  assume  considerable  importance  for  such  an 
exercise,  while  population  levels  near  the  area's  edge  are  less  important. 
This  is  so  because  the  total  number  of  trips  to  downtown  is  heavily 
influenced  by  the  close-in  population  which  tends  to  make  the  largest 
number  of  such  trips  per  capita. 

Accordingly,  Exhibit  3.8  shows  the  accumulated  urban  area 
population  by  two-mile  rings  in  sequence  by  the  population  within  the 
10-mile  (16  km)  mark.    Omitted  are  the  six  traditional  "rail  regions" 
disclosed  earlier  in  Chapter  I.    Exhibit  3.8  indicates  that  Los  Angeles 
has  about  50  percent  more  people  living  within  10  miles  (16  km)  of  its 
center  than  Washington  or  Detroit.    Baltimore  and  Pittsburgh  follow, 
each  with  some  rail  transit  in  existence  or  under  construction.  These 
are  followed  by  St.  Louis,  Minneapolis  -  St.  Paul,  Houston  and  Milwaukee, 
all  with  more  than  1  million  people  within  10  miles  (16  km).    In  addition, 
four  areas  have  as  many  or  more  people  at  10  miles  than  Buffalo,  Miami, 
San  Diego  and  Atlanta,  all  with  rail  systems  under  construction.  The 
four  are  Denver,  Cincinnati,  New  Orleans  and  Dallas  -  Ft.  Worth. 

The  circumferential  population  distribution  can  significantly 
alter  the  radial  figures  when  it  comes  to  particular  travel  corridors. 
It  makes  a  great  difference  whether,  shall  we  say,  the  1  million  resi- 
dents living  within  a  10-mile  radius  of  an  urban  center  occupy  the  full 
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circle  around  the  center,  or  only  half,  the  other  half  having  some 
feature  that  makes  it  largely  uninhabited  such  as  a  body  of  water,  or 
mountains  or  desert. 

Ideally,  both  radial  and  circumferential  population  distri- 
butions are  built  up  from  small -area  census  tract  statistics.    Such  an 
integrated  mapping  of  the  population  topography  of  all  of  the  nation's 
major  urban  areas  was  beyond  the  resources  of  this  study.    Rather,  most 
circumferential  distributions  are  derived  from  secondary  sources, 

primarily  area  transportation  studies  of  United  States  and  Canadian 

3 

cities.     Consequently,  the  20  urban  areas  for  which  circumferential 
distributions  are  shown  are  not  chosen  systematically,  but  according  to 
data  availability.    Additional  areas  could  have  been  included  if  the 
transportation  reports  had  made  a  habit  of  reporting  basic  data  in 
sufficient  detail  for  further  analysis.    Still,  a  wide  spectrum  of  urban 
sizes  is  represented,  ranging  from  Honolulu  to  the  New  York  -  North- 
eastern New  Jersey  urbanized  area.    Two  inconsistencies  occur  in  these 
data  sources:    the  year  of  the  population  data  varies  over  a  13-year 
period,  and  outer  boundaries  of  the  urban  area  are  based  on  varying 
definitions;  some  go  only  to  the  central  city  limits,  while  others 
extend  into  exurbia.    However,  the  basic  distribution  by  sector  in  any 
one  urban  area  does  not  change  greatly  over  time  (shifts  in  the  radial 
distribution  are  quite  another  matter),  nor  do  these  distributions 
change  much,  as  a  separate  analysis  has  shown,  if  the  urban  area  bound- 
aries are  extended  or  cut  back. 

Accumulated  population  distributions  are  developed  by  dividing 
each  urban  area  into  as  many  sectors  as  convenient  with  the  data  at 
hand,  ranking  each  sector  by  gross  population  density  and  then  accumu- 
lating the  percent  of  the  population  and  the  percent  of  the  area  in  each 
successively  lower  density  sector.    Sectors  with  little  or  no  population, 
because  of  bodies  of  water,  mountains  or  deserts,  are  included.    This  is 
done  to  show  that  in  urban  areas  with  such  features,  population  is 
indeed  concentrated  over  a  narrower  sweep  of  the  compass. 
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Exhibit  3.9  displays  the  accumulated  population  distributions 
separately  for  four  groups  of  urban  areas,  varying  in  size  from  at  least 
2\  million  people  down  to  some  800,000  people  or  less.    The  curves  are 
constructed  so  that  the  more  evenly  distributed  an  area's  population  is, 
the  closer  the  curve  is  to  a  45  degree  line.    In  the  unlikely  event  of  a 
completely  even  distribution  over  a  featureless  plain,  20  percent  of  the 
population  would  be  in  20  percent  of  the  circumferential  area,  40  percent 
in  40  percent  and  so  forth.    For  populations  concentrated  in  a  few 
corridors,  the  curve  would  begin  more  steeply,  approaching  the  100th 
percentile  within  a  small  proportion  of  the  circumferential  area. 

The  curves  indeed  show  distinct  differences  in  the  manner  in 
which  urban  populations  reach  the  100th  percentile.    In  the  first  group, 
the  lakefront  cities  of  Chicago  and  Toronto  contain  100  percent  of  their 
population  within  50  percent  of  their  area,  or  a  180  degree  sweep  of  the 
compass.    Similarly,  the  coastal  cities  of  New  York  and  Boston  reach 
their  100th  percentile  at  roughly  two-thirds  and  three-quarters  of  their 
respective  areas.    Only  Salt  Lake  City  and  Honolulu,  among  the  urban 
areas  plotted,  both  in  the  fourth  set  of  curves,  show  a  similar  feature. 
Other  urban  areas,  notably  Montreal  and  Denver  likewise  have  relatively 
concave  curves  by  virtue  of  topographic  constraints. 

Distinctions  among  urban  areas  can  also  be  made  by  examining 
the  percent  of  circumferential  area  required  to  include  50  percent  of 
the  population.    New  York,  Chicago,  Salt  Lake  City  and  Honolulu  reach 
that  in  less  than  20  percent  of  their  respective  areas;  Toronto,  Montreal, 
and  Denver  reach  it  in  about  one-quarter  of  their  areas,  and  the  remain- 
ing cities  require  30  percent  or  more  of  their  areas.    The  various 
indicators  of  circumferential  population  distribution  are  listed  in 
tabular  form  in  Exhibit  3.10. 

For  transit  planning,  the  curves  can  indicate  how  many  people 
are  contained  in  a  given  wedge.    For  example,  if  12.5  percent  of  an 
area,  which  is  a  pie-shaped  sector  of  45  degrees,  is  thought  of  as  a 
potential  transit  corridor,  then  the  population  within  that  area  becomes 
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an  indicator  of  potential  ridership.    Exhibit  3.10  shows  this  population 
in  percentage  and  absolute  terms  with  1970  urbanized  area  population  as 
the  base.    Salt  Lake  City,  New  York,  Chicago,  and  Honolulu  --  all  strongly 
affected  by  topography  --  stand  out  above  all  others  with  40  percent  or 
more  of  their  population  within  one  45  degree  sector.    Toronto  and 
Montreal,  each  with  29  percent  of  their  population  within  such  a  sector 
are  next,  followed  by  Denver,  Pittsburgh,  Indianapolis,  Oklahoma  City 
and  Springfield,  Massachusetts,  each  with  about  one-quarter  of  their 
population  contained  in  a  45  degree  sector.    The  remaining  urbanized 
areas  fall  in  the  18  to  21  percent  range,  with  San  Antonio  at  16  per- 
cent. 

Interestingly,  Chicago's  densely  populated  lakefront  corridor 
contains  a  higher  proportion  of  that  city's  population  within  45  degrees 
than  does  Toronto's,  though  both  cities  are  confined  by  water  to  one- 
half  the  sweep  of  the  compass.    Boston,  with  a  90  degree  wedge  occupied 
by  Massachusetts  Bay,  contains  a  lower  proportion  of  its  population  in 
the  densest  45  degree  corridor  than  Indianapolis  or  Oklahoma  City  and  no 
higher  than  Houston,  with  no  such  water  constraints.    In  the  last  column 
in  Exhibit  3.10,  the  total  population  living  within  the  densest  45 
degree  sector  is  shown.    This  combines  a  measure  of  the  total  population 
and  of  the  sectoral  distribution  in  an  urban  area. 

While  each  urban  area  has  a  unique  circumferential  population 
distribution,  it  remains  possible  to  generalize.    Four  typical  con- 
figurations are  advanced  in  Exhibit  3.11:    1)  half  of  the  area  completely 
constrained  by  water  or  topography  and  the  other  half  characterized  by  a 
relatively  high  corridor  concentration,  e.g.,  Chicago;  2)  half  the  area 
similarly  constrained  but  the  remaining  half  characterized  by  a  rela- 
tively even  corridor  distribution,  e.g.,  Toronto;  3)  development  within 
360  degrees  but  relatively  high  corridor  concentration  which  may  be  a 
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Exhibit  3.9 

Circumferential  Population  Distributions  in  Twenty  Urban  Areas 


Note  -  Urban  areas  listed  in  order  of  curves  as  shown  from  left  to  right 
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Exhibit  3.11 

Circumfrential  Population  Distributions 
Four  Generalized  Curves 
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result  of  topographic  features,  e.g.,  Denver,  Pittsburgh;  and  4)  devel- 
opment within  the  full  360  degrees  with  moderately  concentrated  corri- 
dors.   Also  shown  is  the  percent  of  population  that  would  be  found  in 
one-tenth,  one-eighth,  one-sixth,  one-fifth,  one-fourth,  one-third,  and 
one-half  of  the  full  360  degree  sweep  of  the  compass. 

From  the  four  generalized  curves  it  is  possible  to  estimate 
how  much  denser  the  densest  sector  will  be  than  the  average  sector.  For 
example,  a  sector  of  45  degrees  will  have  about  3.2  times  the  average 
density  for  curve  type  one,  2.3  times  for  curve  type  two,  2.0  times  for 
curve  type  three,  and  1.4  times  for  curve  type  four.    As  the  sector  gets 
narrower,  the  ratio  will  tend  to  increase,  since  it  is  equal  to  the 
slope  of  the  curve  at  any  particular  point.    By  assuming  the  appropriate 
curve  for  each  urban  area  among  the  four  shown  in  Exhibit  3.11,  and 
using  the  incremental  population  in  each  ring  in  Exhibit  3.8,  the 
density  in  the  maximum  density  corridor  can  be  estimated.    The  choice  of 
the  appropriate  curve  in  each  urban  area  is  made  with  the  assistance  of 
available  density  maps,  including  dot  maps  in  the  Urban  Data  Book. 
Where  circumferential  population  distributions  are  readily  available, 
the  density  multiplier  is  calculated  directly. 

In  Exhibit  3.12  the  average  gross  population  densities  in  the 
densest  corridor  are  shown,  based  on  the  estimated  density  multiplier  or 
the  actual  one,  when  available.    Of  the  10  urban  areas  with  actual  data 
available,  eight  are  estimated  remarkably  well  by  assigning  one  of  the 
four  circumferential  distribution  curve  types.    The  two  exceptions  are 
Baltimore  and  Houston;  this  occurs  because  Baltimore  Harbor  places  the 
Baltimore  distribution  somewhere  between  a  type  two  and  type  four  curve, 
and  because  the  southern  corridor  in  Houston  is  surprisingly  denser  than 
the  average. 

The  maximum  density  figures  by  ring  and  sector  in  Exhibit  3.12 
are  also  checked  against  actual  data,  when  available.    The  comparisons 
between  actual  and  synthesized  data  are  usually  quite  close.  Small 
modifications  are  necessary,  at  some  distances  for  Detroit,  Los  Angeles, 
Washington,  Seattle,  and  Minneapolis  -  St.  Paul,  shown  by  asterisks  in 
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Exhibit  3.12.    In  Atlanta,  average  densities  in  the  maximum  density 
corridor  check  remarkably  well  with  actual  population  density  data,  and 
no  changes  are  necessary.    Honolulu,  by  virtue  of  its  unique  corridor 
concentration,  is  included  in  Exhibit  3.12.    Its  gross  population 
densities  are  calculated  directly. 

To  suggest  the  quality  of  the  population  data,  each  urban  area 
is  assigned  a  grade  in  Exhibit  3.12,  A  if  maximum  density  is  based  on 
direct  population  statistics,  B  if  the  actual  density  multiplier  is 
available,  or  if  density  data  are  obtained  from  generalized  population 
density  maps,  and  C  if  the  data  is  synthesized  with  no  direct  cross- 
checks. 

The  urban  areas  are  listed  in  sequence  according  to  the  sector 
density  within  the  first  five  rings.    Of  interest  is  the  shift  in  sequence 
compared  to  Exhibit  3.8.    Urban  areas  with  heavy  population  concentrations 
in  a  few  corridors,  such  as  Detroit,  Cleveland,  Miami,  Seattle  and 
Buffalo  move  upward,  while  those  with  populations  more  evenly  distributed, 
such  as  Los  Angeles,  Washington,  Atlanta,  Dallas  -  Ft.  Worth  and  Kansas 
City,  move  downward.    The  figures  in  Exhibit  3.12  represent  the  final 
population  estimates  that  are  used  to  arrive  at  travel  volumes  in 
Chapter  IV. 

2.    The  Effect  of  Nonresidential  Activity. 

Estimating  downtown  activity.    The  amount  of  travel  to  and 
from  a  downtown  or  another  cluster  of  nonresidential  activity  depends  on 
the  amount  and  type  of  activity  found  there.    The  scale  of  activity  can 
be  estimated  most  readily  with  two  measures:    employment  and  floorspace. 
Most  central  cities  have  collected  such  data  from  time  to  time,  but 
rarely  on  a  regular  basis,  and  there  are  many  difficulties  in  their  use, 
stemming  largely  from  the  lack  of  any  central  collection  mechanism  to 
assure  uniformity  for  all  cities. 

The  major  inconsistency  is  in  defining  the  areal  extent  of  the 
downtown,  or  Central  Business  District  (CBD)  itself.    Some  CBDs  are 
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defined  very  narrowly  to  include  only  a  few  blocks  of  the  most  intensive 
use;  others  encompass  a  number  of  square  miles,  including  a  substantial 
area  in  residential  or  manufacturing  use.    U.S.  Census  definitions, 
though  uniform,  are  based  on  retail  activity  alone  and  are  usually  far 
too  restricted.    For  urban  areas  of  about  1  million  residents,  it  is 
generally  desirable  to  include  a  land  area  of  at  least  one  square  mile 
(2.59  km  )  within  the  CBD,  unless  topographic  constraints  or  the  con- 
tiguous pattern  of  nonresidential  development  dictate  otherwise.  Con- 
versely, land  areas  of  several  square  miles  in  medium-sized  cities  are 
likely  to  overstate  the  true  CBD  size  and  exaggerate  its  attraction  for 
trips  by  public  transportation,  as  will  be  shown  later. 

There  are  definitional  problems  with  respect  to  employment  and 
floorspace  as  well.  Employment  may  mean  the  number  of  jobs  held  in  the 
CBD,  the  number  of  job-holders  (somewhat  lower  because  some  workers  hold 
more  than  one  job),  or  the  number  of  workers  working  in  the  CBD  on  an 
average  weekday,  deducting  for  vacations  and  other  absences.  Employment 
data  is  inflated  if  all  employees  of  an  establishment  with  a  CBD  address 
are  counted,  irrespective  of  whether  they  actually  work  in  the  CBD. 

Floorspace  data  likewise  suffers  from  inconsistencies.  In 
some  cases,  residential  floorspace  is  included,  in  others  only  office 
and  retail  floorspace  is  counted,  but  not  other  nonresidential  uses, 
such  as  manufacturing  and  warehousing.    The  mix  of  the  types  of  floor- 
space  is  important  because  different  types  of  floorspace  generate  trips 
at  varying  rates.    For  example,  retail  generates  up  to  10  times  more 
trips  per  unit  than  office  floorspace,  but  trips  to  office  buildings 
have  substantially  sharper  peaks.    Manufacturing  and  warehousing  floor- 
space,  by  contrast,  generates  less  than  one-quarter  of  the  person-trips 
of  offices. 

Office  floorspace  as  a  percent  of  total  nonresidential  floor- 
space  rises  with  CBD  size,  while  the  relative  amount  of  retail  floor- 
space  declines.    In  medium  to  large  CBDs,  office  floorspace  tends  to  be 
40  percent  or  more  of  total  floorspace.    Retail  floorspace  declines  from 
about  20  percent  in  small  CBDs  to  10  percent  in  large  ones. 
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Even  when  local  sources  do  specify  floorspace  by  type  of  use, 
its  definition  is  not  always  clear.  Some  floorspace  data  may  be  based 
on  the  outside  or  gross  dimensions  of  buildings,  other  only  on  the  net 
or  inside  rentable  area,  some  15  percent  smaller.  Floorspace  data  may 
also  overestimate  activity  if  vacancy  rates  are  high.  Still,  despite 
the  difficulties  of  measurement,  the  number  of  employees  or  the  amount 
of  floorspace  is  a  key  determinant  of  travel  to  a  CBD. 

For  purposes  of  this  book,  floorspace  is  defined  in  gross 
terms  (measured  from  outside  dimensions  of  buildings),  and  downtown 
activity  is  measured  by  nonresidential  floorspace,  which  excludes 
private  residences  but  includes  commercial  uses  such  as  hotels,  as  well 
as  retail,  office,  government,  institutional,  manufacturing  and  ancil- 
lary building  uses. 

While  strict  adherence  to  this  definition  cannot  be  verified, 
a  recent  estimate  of  nonresidential  floorspace  in  the  Central  Business 
Districts  of  major  urban  areas  of  the  United  States  is  presented  in 
Exhibit  3.13.    These  data  vary  in  reliability  ranging  from  recent  block 
by  block  inventories  performed  by  local  planning  agencies  to  rough 
approximations.    Indicated  is  the  method  used  to  make  the  estimate  and 
a  letter  to  suggest  its  reliability  or  quality.    "A"  is  reserved  for 
data  based  on  inventories  of  floorspace;  "B"  is  used  for  data  expanded 
to  include  a  larger  area  definition  of  the  CBD,  or  data  inferred  from 
two  corroborating  pieces  of  evidence  (such  as  employment  and  past 
inventory  figures);  "C"  is  used  if  only  office  floorspace  measures  are 
available,  and  total  nonresidential  floorspace  is  estimated  on  the 
assumption  that  offices  comprise  43  percent  of  it,  or  as  in  the  case  of 
the  Buffalo  CBD,  only  trip  destinations  are  known  and  these  are  con- 
verted to  floorspace;  lastly,  "D"  denotes  a  rough  approximation  based  on 
population  of  the  central  city.    Of  the  29  urban  areas,  14  receive  an 
"A"  rating  and  four  a  "B"  rating. 

Methods  of  expansion  and  conversion  used  when  current  CBD 
activity  data  is  incomplete  are  based  on  historical  relationships 
displayed  in  Fxhibits  3< 14  and  3.15.    The  first  of  these  shows  the 
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Exhibit  3.14 

Central  Business  Districts  Activity  Distribution 


CBD  Area  Activities  Percent  of  Activities 

(sq. miles)  in  50  Percent  of  Arei 

Houston  1.21  138,1 10  jobs  93 

Norfolk  1.03  24,816  jobs  90 

Portland  1.03  59,990  jobs  83 

Philadelphia  2.40  396,585  trip  dest.  82 

Los  Angeles  1.86  60.0  msf  f  loorspace  81 

Boston  3.35  290,626  jobs  78 

Pittsburgh  0.48  98,739  jobs  76 

Chicago  1.08  296,500  jobs  74 

Memphis  0.28  9.0  msf  floorspace  73 

Milwaukee  1.4  35.2  msf  floorspace  64 


Percent  of  Area 
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Exhibit  3.15 

Historical  Activity  and  Trip  Data  for  Selected  Central  Business  Districts 


Area 

Employment 

Floor  Space 

Trip  Destinations 

Y  ea  r 

of 

(Msf.) 

(000's) 

Los  Angeles 

U.  D 

1  QRD 
i  you 

1 

42 

1 58 

uni  cago 

1  1 

1  QRR 

OUU 

92 

466 

PhiiaHplnht^i 
riiiiauci^jiiia 

2.2 

1  g60 

124 

389 

Hot  mit 

1  i 

1 QR^ 

50 

253 

oaii  rial  ilijLU 

2.2 

1  QRR 

88 

423 

Rnctnn 

1 .4 

1 963 

90 

400 

\A/p  <ih  i  nntn  n 

wool  HI  iy  LU  1  1 

4.5 

1 955 

3I5 

n.a. 

442 

(™*  Ipwp  1  anH 

1 .0 

1963 

1 1  7 

47 

123 

St.  Louis 

0.8 

1957 

1 19 

39 

125 

Pittsburgh 

0.5 

1  958 

84 

32 

154 

Minneapolis 

0.9 

1958 

90 

n.a. 

188 

Houston 

0.9 

1960 

1  20 

n.a. 

113 

Baltimore 

0.8 

1 962 

85 

33 

130 

Dallas 

1 .5 

1964 

135 

31 

164 

M  i  1  wai  j  kpp 

0.9 

1972 

91 

31 

134 

Qpattlp 

*— " --  CI  L  U  C 

0.6 

1 970 

60 

37 

145 

M  i  a  m  i 

1 V I  1 0  I  1  1  1 

0.9 

1 965 

12 

49 

Atlanta 

L 1 C3  1  1  La 

0.6 

1 96I 

7R 

30 

94 

Cincinnati 

0.5 

1965 

n.a. 

35 

113 

Kansas  City 

0.9 

1957 

65 

n.a. 

1 07 

Ri  iff  aln 
DU  ITd  IO 

1  Qfi9 
i  yoz 

6  R 

28 

104 

Denver 

0.5 

1959 

50 

24 

105 

New  Orleans 

1.5 

1960 

60 

n.a. 

1  9Q 

Phoenix 

u.  / 

1  QR7 

i  yo  / 

91 
^  1 

n.a. 

RR 

i  no  ia  napoi  is 

n.a. 

1  QP.A 

rr 

30 

1  RO 

l\l  ^  c  nil  i  1  1  a 

IMdSnv  1 1  Ic 

u.  0 

1  QRQ 

i  yoa 

1A 

n.a. 

64 

Area 

nuur  ofjauc 

Trip  Ends  (000's) 

% 

CBD 

\oC|Udre  IVIM6S/ 

i  cd  i 

(Mcf  \ 

Total 

Transit 

Auto 

Transit 

Atlanta 

9  Q 

1  QR1 

40 

284.5 

65.5 

219.0 

23.0 

Ra  1 1 1  rri r\  ro 

n  r 

VJ.  vJ 

1  QR9 

OU 

216.8 

86.7 

130.1 

40.0 

Ronton 

2.3 

1 963 

1 00 

700.6 

373.1 

327.6 

53.0 

f1  Ip  \/p  1  a  nH 

n  a 

1 976 

47 

400 

150 

250 

37.5 

in  1 1  i  m  \n  1 i  c 

1  972 

Z.  O 

162.8 

28.7 

134.1 

17.6 

Hal  las 

1— '  olios 

1 964 

31 

292.3 

46.0 

246.3 

15.7 

IIP  n\/P  r 

n  r 

1 959 

24 

203.4 

39.2 

164.2 

19.3 

Rpt  rn  it 

1  9 

1 QR3 

1      «J  O 

RO 

472.2 

202.6 

269.8 

42.9 

1— In  i  i  ctn  n 

nu  u  b  lu  1 1 

n  7 

oo 

269.6 

53.4 

216.2 

19.8 

Inrlianannl  ic 
ii  i u  i  a  i  la  [JVJ  1 1  o 

o.  u 

1  QR4 

23 

268.6 

36.2 

232.4 

13.5 

Kansas  City 

0.5 

1957 

25 

227.4 

60.1 

267.4 

26.4 

Montreal 

4.3 

1974 

90 

678.8 

368.0 

310.9 

54.2 

Oklahoma  City 

0.9 

1965 

n.a. 

149.5 

9.5 

140.0 

6.4 

Philadelphia 

1.9 

1960 

124 

699.1 

422.9 

276.2 

60.5 

Salt  Lake  City 

1.0 

1960 

n.a. 

197.5 

16.6 

180.9 

8.4 

San  Antonio 

0.9 

1969 

n.a. 

127.2 

18.7 

108.5 

14.7 

Springfield, Mass. 

1.1 

1965 

n.a. 

101.8 

14.4 

87.4 

14.1 

Source:  Origin-destination  studies,  see  footnote  3. 
n.a.— Not  available. 
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Exhibit  3.15  (cont'd.) 

Relationships  among  CBD  Employment,  Floorspace,  and  Trip  Destinations 


1  1  1  1  ! — I'M  1  1  1  1 

20  30  40        50  70  100  150         200  300  400 

CBD  Employment  (  thousands  ) 


1  1  1  1  1       I      '     1    I  I  1  J  1 

20  30  50  100  1  50         200  300  400 

CBD  Employment  (  thousands  ) 
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Exhibit  3.15  (cont'd.) 

Relationships  among  CBD  Employment,  Floorspace,  and  Trip  Destinations 


15  20  30  40       50  70  100  150 

CBD  Nonresidential  Floorspace  (millions  of  square  feet) 


Exhibit  3.16 

Parking  Rates  and  CBD  Floorspace 


10  20        30  50      70       100  200 


CBD  Floorspace,  millions  square  feet 
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internal  distribution  of  activity  within  Central  Business  Districts  of 
10  selected  cities.    Of  general  interest  for  downtown  planning  purposes, 
the  exhibit  can  be  used  to  estimate  the  floorspace  within  one  square 
mile,  if  only  the  floorspace  within  half  a  square  mile  is  known.  It 
shows  that  on  the  average,  the  20  percent  of  CBD  area  with  the  densest 
development  is  likely  to  contain  about  50  percent  of  CBD  activity;  50 
percent  of  CBD  area  is  likely  to  contain  about  80  percent  of  CBD  activity 
As  with  population  distributions  within  an  urban  area,  the  internal 
distributions  of  CBD  activity  vary  from  city  to  city.    Among  the  cities 
shown,  Houston  has  the  most  concentrated,  and  Milwaukee,  the  least 
concentrated  distribution.    The  activity  distributions  in  the  other 
cities  are  not  very  far  apart,  though  both  large  and  small  downtowns  are 
included. 

Exhibit  3.15  contains  three  graphs  with  display  relationships 
among  measures  of  CBD  activity;  the  underlying  data  are  also  tabulated. 
The  first  graph  shows  the  aggregate  relationship  between  CBD  employment 
and  CBD  floorspace.  It  can  be  used  to  estimate  floorspace,  if  only 
employment  is  known,  or  vice  versa.  The  regression  equation  in  Exhibit 
3.15-a  can  be  transformed  (by  taking  the  antilog  of  both  sides)  to  read 
as  follows:    CBD  JOBS  =  0.934  (FLOORSPACE)0'8131 

The  equation's  exponent  of  less  than  unity  indicates  that  a 
given  percent  increase  in  employment  is  associated  with  a  somewhat 
smaller  percent  increase  in  nonresidential  floorspace,  suggesting  that 
floorspace  per  employee  tends  to  decline  with  increasing  CBD  size;  some 
450  square  feet  (41.8  m  )  per  employee  is  generally  found  in  CBDs  with 
50,000  jobs,  (22.5  million  square  feet)  declining  to  about  350  square 
feet  (32.5  rn2)  per  employee  in  CBDs  of  200,000  jobs  (70  million  square 
feet). 

The  other  two  graphs  can  be  used  to  estimate  total  one-way  CBD 
trip  destinations  (including  both  auto  and  transit)  from  either  CBD 
employment  or  nonresidential  floorspace  and  vice  versa,  if  needed.  The 
floorspace  relationship  has  a  slightly  higher  correlation  coefficient, 
but  both  relationships  are  strong,  allowing  one  to  use  either  floorspace 
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or  employment  as  an  estimator  of  a  downtown's  trip  attraction.  Floor- 
space  is  preferred  here  as  a  measure  of  attraction  mostly  because  it 
provides  a  common  denominator  for  activites  that  may  have  few  employees, 
and  because  it  can  be  measured  with  greater  accuracy  at  the  local  scale. 
The  regression  equation  in  Exhibit  3.15-c  can  be  transformed  to  read  as 
follows:  CBD  TOTAL  TRIP  DESTINATIONS  =  3.78  (FLOORSPACE)1'015 

The  near  unity  value  of  the  slope  of  the  line  (the  floorspace 

exponent)  suggests  that  CBD  trip  destinations  increase  at  about  the  same 

2 

rate  as  CBD  floorspace;  CBDs  of  20  million  square  feet  (1.86  million  m  ) 

attract,  on  the  average  about  80,000  daily  trip  destinations,  40  million 

2 

square  feet  (3.72  million  m  ),  about  160,000  trips,  and  so  on.  This 
relationship  provides  a  valuable  estimate  of  total  travel  into  a  CBD, 
which  is  used  in  subsequent  analysis. 

Lastly,  Exhibit  3.16  portrays,  for  reference,  the  relationship 
between  CBD  floorspace  and  daily  parking  charges  in  the  downtown  core. 
This  is  a  significant  measure  of  auto  disincentives  and  an  indicator  of 
land  value,  which  is  referred  to  earlier  in  Chapter  II. 

3.    Total  Travel  to  a  Downtown. 

Knowing  how  many  potential  travellers  reside  in  the  highest 
density  corridor  of  each  urban  area,  and  how  much  floorspace  there  is  in 
each  downtown  to  attract  them,  it  is  possible  to  estimate  how  many  trips 
over  what  distance  will  take  place  between  the  two.    The  estimating 
procedure  is  based  on  the  proposition  that  the  trips  originating  in  a 
residential  area  and  destined  for  a  nonresidential  area  are  directly 
proportional  to  the  residential  population,  directly  proportional  to  the 
amount  of  activities  in  the  nonresidential  area,  and  inversely  pro- 
portional to  the  separation  between  them.    They  are  also  affected  by  the 
size  and  nearness  of  competing  attractions.    This  is  more  than  a  little 
reminiscent  of  the  traditional  gravity  model,  which  is  calibrated  by 
matching  actual  and  model  generated  distributions  of  some  measure  of 
travel  distance.    This  model4,  calibrated  with  travel  data  for  24 
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downtowns  ranging  in  size  from  4  to  267  million  square  feet  (0.37  to 
2 

24.81  million  m  )  of  floorspace  in  the  Tri-State  New  York-New  Jersey- 
Connecticut  Region  is  essentially  a  simplified  gravity  model.  It 
avoids  the  task  of  simulating  travel  networks  and  instead  uses  airline 
distance  as  the  measure  of  separation  between  trip  ends. 

The  core  of  the  model  is  a  decay  function  which  shows  how  the 
probability  that  a  person  will  make  a  trip  to  a  chunk  of  nonresidential 
floorspace  declines  with  an  increase  in  distance  from  that  chunk  and 
with  decline  in  its  size.    Two  equations  showing  this  decline  are  pre- 
sented here.    One,  at  the  top  of  Exhibit  3.17  is  used  to  estimate  daily 
work  trips  per  worker  as  a  function  of  downtown  size  and  distance  from 
downtown.    The  other,  at  the  top  of  Exhibit  3.18  is  used  to  estimate 
daily  nonwork  trips  per  resident  as  a  function  of  downtown  size  and  the 
distance  from  it.    Downtown  size,  (F)  in  both  cases,  is  expressed  in 
million  square  feet  of  nonresidential  floorspace  and  the  distance  (D), 
in  miles.    Converting  the  work  trips  per  worker  into  work  trips  per 
capita  by  means  of  a  suitable  labor  force  participation  rate  (such  as 
0.4)  and  adding  them  to  the  nonwork  trips  per  capita  yields  total  daily 
one-way  trips  per  capita  from  a  given  distance  to  a  downtown. 

Because  the  form  of  the  two  equations  that  portray  the  decay 
function  is  rather  unwieldy,  they  are  most  easily  solved  by  using  the 
nomographs  reproduced  here  as  Exhibits  3.17  and  3.18.    The  Y  scale  on 
the  nomograph  shows  that  trip  rates  do  indeed  decline  very  rapidly  with 
distance;  for  example,  within  1  mile  of  a  downtown  of  30  million  square 
feet  the  probability  of  a  resident  worker  going  to  work  in  that  downtown 
may  be  0.36;  at  a  distance  of  5  miles,  it  would  be  0.11,  and  at  a  distance 
of  50  miles,  0.001  .* 


*The  nomographs  are  used  by  first  connecting  the  point  on  the  D- 
scale  for  which  the  trip  rate  per  capita  is  being  sought  (say,  5  miles 
from  a  downtown)  to  the  top  of  the  M-scale  (assuming  that  the  downtown 
in  question  is  beyond  the  influence  of  Manhattan).    Then  the  inter- 
section of  that  line  with  the  vertical  pivot  line  is  connected  to  the 
appropriate  floorspace  on  the  F-scale  (say,  30  million  square  feet). 
The  result  is  read  off  the  Y-scale  (0.11  trips  per  worker). 
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Exhibit  3.17 

Trip  Attraction  Model  Nomograph,  Work  Trips 
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Source:  Exhibit  7  8.  Public  Transportation  &  Land  Use  Policy. 
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Exhibit  3.18 

Trip  Attraction  Model  Nomograph,  Non-Work  Trips 


Daily  Non-work  Trips  per  Capita  =  10-5-21  (log  F-1-562  x  qO.538) 
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Source:  Exhibit  7.9,  Public  Transportation  &  Land  Use  Policy 
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To  adjust  this  CBD  trip  attraction  model  for  use  outside  the 
Tri -State  Region  where  it  was  calibrated,  the  model  is  applied  to  nine 
urban  areas  for  which  actual  CBD-bound  trips  and  population  data  are 
readily  available  on  a  small  area  basis  and  where  a  reasonable  estimate 
of  CBD  floorspace  for  the  relevant  year  can  be  made.    The  model's 
initial  ability  to  estimate  the  total  number  of  trips  to  these  CBDs  is 
somewhat  mixed,  as  shown  in  Exhibit  3.19.    Of  the  nine  urban  areas,  only 
three  (Boston,  Dallas  and  Houston)  are  estimated  within  4  to  9  percent 
of  their  actual  CBD  trips;  five  are  estimated  within  11  to  35  percent. 
One,  Philadelphia,  is  overestimated  by  75  percent.    The  reasons  behind 
this  spotty  showing  cannot  be  explained  by  CBD  size  or  total  trip  ends. 
Two  reasons  are  indicated.    First,  the  orientation  of  a  particular 
urbanized  area  toward  the  CBD  may  be  weak  or  strong  with  competing 
nonresidential  activities  ouside  the  CBD  attracting  a  relatively  large 
(or  small)  share  of  the  area's  trip  ends.    This  is  essentially  the  M 
factor  in  Exhibits  3.17  and  3.18,  which  measures  the  dampening  effect  of 
competing  nearby  nonresidential  floorspace,  Manhattan  in  the  case  of 
the  Tri -State  Region.    Second,  a  systematic  bias  may  exist  in  the  model's 
distance  variable. 

To  examine  this,  the  relative  amounts  of  over-  or  under- 
prediction  of  CBD-bound  trips  for  each  two-mile  ring  in  each  of  the  nine 
urban  areas  are  calculated,  revealing  that  the  model  tends  to  over- 
predict  trips  close  to  the  CBD  and  under-predi ct  the  more  distant  trips. 
This  is  part  of  the  reason  why  areas  with  a  relatively  tightly  clustered 
population  around  the  core,  such  as  Philadelphia  and  Pittsburgh  are 
over-predicted.    By  plotting  the  ratio  of  actual  to  estimated  trips  for 
each  ring  as  a  function  of  distance,  the  original  model  is  modified. 
The  plots  reveal  that  the  four  older,  more  tightly  settled  urbanized 
areas,  Boston,  Montreal,  Philadelphia  and  Pittsburgh,  each  with  a  rapid 
transit  system  (or  in  the  case  of  Pittsburgh,  light  rail)  require  a 
different  modifying  curve  than  the  other  five  urban  areas.    For  the  four 
older  areas:    Y  =  0.0374  D  +  0.613;  for  the  five  newer  areas:    Y  = 
0.0633  D  +  0.637,  where  Y  =  modifying  factor  and  D  =  distance  from  the 
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center  of  the  urban  area.    Trips  originating  from  a  residential  zone  as 
determined  from  Exhibits  3.17  and  3.18,  are  multiplied  by  this  factor. 
Exhibit  3.19  shows  the  estimated  CBD-bound  trips  using  this  modification. 

Four  of  the  nine  urban  areas,  including  three  of  the  four 
poorest  estimated  ones,  show  substantial  improvement,  but  three  areas 
are  more  poorly  predicted  with  the  modification.    Still,  the  overall 
root-mean-square  error  of  the  ratio  of  estimated  to  actual  trips  is 
reduced  from  0.30  to  0.19.    More  important  is  the  removal  of  the  system- 
atic bias  by  distance.    No  longer  are  trips  from  close-in  consistently 
over-predicted  and  trips  from  farther  out  consistently  under-predicted. 
Of  the  81  two-mile  wide  concentric  rings  in  the  nine  urban  areas  almost 
70  percent  are  estimated  more  closely  with  the  modified  model.  The 
distance  modifications  make  the  trip  attraction  model  representative  of 
a  wide  spectrum  of  urban  areas,  and  not  primarily  the  Tri -State  Region 
around  New  York. 

Next  considered  is  the  effect  of  competing  opportunities.  To 
this  end  the  number  of  trips  that  the  modified  trip  attraction  model 
sends  to  the  CBD  is  compared  to  the  number  of  trips  that  the  CBD  would 
receive  based  on  its  floorspace  alone,  as  indicated  by  Exhibit  3.15c 
earlier.    The  ratio  of  the  latter  to  the  former  trip  estimate,  called 
here  the  CBD  orientation  factor,  is  shown  in  the  fourth  column  of 
Exhibit  3.20.*    If  the  CBD  trip  attraction  model  sends  more  trips  to  the 
CBD  than  the  amount  of  floorspace  would  accept,  then  these  trips  are  in 
fact  going  elsewhere  to  competing  attractors  in  non-CBD  locations,  and 
the  urban  area  can  be  said  to  have  a  low  CBD  orientation.    Examples  of 
such  urban  areas,  with  the  CBD  orientation  factor  substantially  less 

Calculations  in  this  Exhibit  are  based  on  aggregate  population 
data  by  distance  as  shown  in  Exhibit  3.8  (except  for  Honolulu,  cal- 
culated directly  from  the  U.S.  Census).    CBD  floorspace  data  is  based  on 
Exhibit  3.13,  modified  somewhat,  to  reflect  recent  tendencies  toward  CBD 
growth  or  decline. 
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Exhibit  3.19 

Comparisons  of  Estimated  and  Actual  CBD  Trip  Ends,  Nine  Urbanized  Areas 


CBD  Trip  Destinations  (000's)  Ratios 


Urbanized 

Unmodified 

Modified 

Unmodified 

Modified 

Area 

Actual 

Estimate 

Estimate 

to  Actual 

to  Actual 

Boston 

350 

320 

269 

0.91 

0.77 

Philadelphia 

350 

612 

491 

1.75 

1.40 

Montreal 

329 

445 

348 

1.35 

1.06 

Dallas— Ft.  Worth 

146 

152 

148 

1.04 

1.01 

Pittsburgh 

137 

183 

138 

1.33 

1.01 

Houston 

135 

140 

132 

1.04 

0.48 

Indianapolis 

134 

96 

85 

0.72 

0.63 

Kansas  City 

1 14 

101 

89 

0.85 

0.78 

Denver 

112 

128 

107 

1.14 

0.95 

Exhibit  3.20 

Central  Business  District  Orientation 


Urban  Area 

1.  Washington 

2.  Los  Angeles 

3.  Dallas 

4.  Houston 

5.  Atlanta 

6.  Detroit 

7.  Seattle 

8.  Pittsburgh 

9.  St.  Louis 


Nonresidential 
Floorspace 
(msf) 

100 
80 
70 
70 
50 
50 
40 
40 
40 


Estimated  Trip  Destinations  (000's) 
Based  on  Downtown  Based  on  Modified 

Floorspace  Only  Trip  Attraction  Model 


(a) 

402 
321 
280 
280 
200 
200 
158 
158 
158 


(b) 

368 

556 

157* 

201* 

140 

290 

112 

138* 

174 


CBD  Orientation 
Factor 
(Ratio  of  a:b) 

1.09 
0.58 
1.78 
1.39 
1.43 
0.69 
1.41 
1.15 
0.91 


10.  Baltimore 

1 1 .  Denver 

12.  Milwaukee 

13.  Indianapolis 

14.  Portland 

15.  Kansas  City 

16.  Miami 

17.  Cincinnati 

18.  Minneapolis 

19.  Buffalo 


40 
35 
35 
31 
30 
30 
30 
30 
30 
27 


158 
138 
138 
122 
118 
118 
118 
1 18 
1  18 
106 


182 
127* 
150 
152* 
95 
1 13* 
115 
120 
135 
122 


0.87 
1.09 
0.92 
0.80 
1.24 
1.04 
1.03 
0.98 
0.87 
0.84 


20.  Louisville 

21 .  Columbus 

22.  New  Orleans 

23.  Honolulu 


26 
26 
26 
25 


102 
102 
102 
98 


85 
101 
128 

50 


1.20 
1.01 
0.80 
1.96 


24.  San  Diego 

25.  Phoenix 

26.  Dayton 

27.  San  Antonio 

28.  Providence 

29.  Tampa 


25 
20 
16 
15 
12 
10 


98 
79 
63 
59 
47 
40 


91 
64 
68 
75 
61 
44 


1.08 
1.23 
0.93 
0.79 
0.77 
0.91 


Notes:      Urban  areas  with  existing  or  committed  fixed  guideway  systems  shown  in  bold  type. 

Asterisks  indicate  distance  modifications  based  on  empirical  data,  not  modifying  equation  discussed  in  text. 
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than  unity,  are  Los  Angeles,  Detroit,  San  Antonio  and  Providence,  all 
known  to  have  relatively  small  downtowns  compared  to  the  urban  area 
population.    Conversely,  if  the  CBD  trip  attraction  model  does  not  send 
enough  trips  to  the  CBD  to  match  the  actual  floorspace  there,  then 
floorspace  must  be  located  in  that  CBD  which  would  be  located  elsewhere 
in  a  more  decentralized  urban  area.    Examples  of  such  areas,  with  the 
CBD  orientation  factor  substantially  greater  than  unity,  are  Dallas, 
Houston,  Atlanta,  Seattle  and  Honolulu.    The  average  of  the  CBD  orien- 
tation factors  in  Exhibit  3.20  is  1.06,  suggesting  that  in  the  absence 
of  the  control  total  in  column  (a),  the  modified  model  in  column  (b) 
would  be  sending  roughly  6  percent  too  few  trips  to  the  downtowns,  on 
the  average.    The  floorspace  data  and  the  orientation  factors  shown  in 
Exhibit  3.20  represent  final  figures  used  to  calculate  the  travel 
volumes  in  Chapter  IV. 

One  last  point  about  CBD  orientation:    some  corridors  within 
the  same  urban  area  may  generate  more  CBD-bound  trips  than  others,  even 
with  a  similar  population  distribution.    This  may  occur  if  a  large 
proportion  of  CBD  workers  reside  in  a  particular  corridor  because  of  its 
white-collar  orientation  or  other  socio-economic  characteristics.  Other 
corridors  may  produce  fewer  CBD-bound  trips  than  expected  because  of  the 
pull  of  another  nonresidential  concentration  of  activity  nearby.  The 
nine  areas  shown  in  Exhibit  3.19  were  used  to  test  the  degree  to  which 
some  corridors  were  over-  or  under-predicted  as  compared  to  the  overall 
urbanized  area  under-  or  over-prediction.    Results  indicate  that  the 
probability  of  a  corridor  being  under-predicted  or  over-predicted  by 
one-third  or  more  is  about  1  in  10.    About  60  percent  of  the  corridors 
were  estimated  within  20  percent  of  their  actual  values.    The  model 
tended  to  do  relatively  better  in  the  more  important  highest  volume 
corridors. 

In  sum,  a  model  from  previous  work  has  been  validated,  with 
two  significant  modifications,  to  allow  an  estimate  of  the  number  of 
daily  trips  that  will  be  made  to  a  CBD  from  a  radial  corridor,  given  the, 
number  of  people  residing  at  each  distance  along  the  radial  line,  the 
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nonresidential  floorspace  in  the  CBD,  and  the  CBD  orientation  of  the 
particular  urban  area.    Determining  the  share  of  those  trips  that  will 
use  a  fixed  guideway  is  the  next  task. 

4.    The  Choice  of  Rail  Transit. 

The  share  of  total  travel  attracted  to  transit  has  been  a 
major  subject  of  transportation  research  for  many  years.    Most  models  of 
so-called  modal  split  emphasize  the  relative  time  and  cost  of  travel  by 
auto  and  transit,  auto  availability  and  socio-economic  characteristics 
of  the  travellers.    Recent  emphasis  has  been  on  understanding  behavior 
at  the  micro-level  using  highly  disaggregated  models.    Less  attention 
has  been  paid  to  how  the  physical  context  of  development  density  or  the 
presence  of  a  fixed  guideway  affects  behavior. 

5 

The  mode  choice  model  developed  in  the  predecessor  study 
shares  a  number  of  features  with  earlier  models,  but  emphasizes  the 
relationship  between  mode  choice  and  land  use.    It  also  deals  explicitly 
with  differences  between  bus  transit,  rail  rapid  transit,  and  commuter 
rail.    In  keeping  with  the  network-independent  structure  of  the  trip 
attraction  model  treated  above,  it  does  not  deal  directly  with  network- 
related  variables,  such  as  relative  travel  time  or  cost,  though  these 
can  be  applied  exogenously.    Instead,  it  uses  aggregate,  area-related 
characteristics  of  density,  auto  ownership,  and  transit  service. 

Central  to  the  structure  of  the  mode  choice  model  --  portrayed 
schematically  in  Exhibit  3.21  --  is  the  proposition  that  transit  use  is 
closely  associated  with  the  number  of  autos  available  to  a  household. 
Hence  its  starting  point  is  an  estimate  of  automobile  ownership  in  a 
particular  residential  area.    Variables  that  determine  the  average 
number  of  autos  per  household  are  median  income,  persons  of  driving  age, 
net  residential  density  and  proximity  to  rail  transit,  shown  in  the 
boxes  on  the  left.    To  account  for  the  latter  variable,  three  distinct 
auto  ownership  equations  are  developed:    for  residential  areas  with 
rapid  transit  (at  least  half  the  census  tract  within  2,000  feet  or  610  m 
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of  a  rapid  transit  station),  for  residential  areas  with  commuter  rail 
(at  least  one-fifth  of  the  census  tract  within  that  distance  of  a 
railroad  station),  and  for  residential  areas  with  neither  of  these, 
which  depend  in  varying  degree  on  bus  service.    For  reference,  these 
relationships  are  reproduced  here  as  Exhibit  3.22.    It  should  be  em- 
phasized that  they  do  not  portray  just  New  York  City  conditions.  In 
particular,  the  541  census  tracts  with  commuter  rail  service  (out  of  a 
total  4,223  investigated  in  the  Tri-State  Region)  include  low-density, 
auto-oriented  areas  on  Long  Island,  in  Connecticut  and  in  New  Jersey, 
where  most  access  to  stations  is  by  auto.    Still,  auto  ownership  is 
dampened  near  railroad  stations,  especially  in  high-income  areas.  The 
dampening  impact  of  rapid  transit  --  compared  to  areas  of  equal  density 
and  income  without  such  service  --  is,  predictably,  much  stronger. 

For  particular  households  in  a  residential  area,  the  auto 
ownership  rate  is  further  affected  by  the  nonresidential  density  at 
their  habitual  destinations.    A  household  with  two  wage  earners  working 
at  suburban  locations  is  likely  to  own  more  automobiles  than  a  household 
with  one  or  both  working  downtown.    The  model  introduces  an  appropriate 
adjustment  for  that.    The  adjusted  ownership  rate  in  a  particular  travel 
stream  is  then  translated  into  proportions  of  households  owning  zero, 
one  and  two  or  more  automobiles.    A  separate  mode  choice  equation  is 
calibrated  for  each  of  these  three  groups,  based  on  travel  to  56  dif- 
ferent nonresidential  concentrations  in  the  Tri-State  area.  Three- 
quarters  of  these  are  outside  New  York  City. 

Independent  variables  that  determine  the  percent  of  trips 
taken  by  transit  by  each  of  the  three  auto  ownership  groups  are  non- 
residential floorspace  at  the  destination,  proximity  to  rapid  transit, 
bus  service  frequency,  and  presence  or  absence  of  commuter  rail.  Sep- 
arate equations  are  calibrated  for  traditional  central  business  dis- 
tricts and  for  spread  clusters  of  nonresidential  activity.  These 
equations  are  shown  in  Exhibit  3.21. 

The  output  of  the  model  is  a  set  of  graphs,  presented  in 
detail  in  the  original  study,    which  makes  it  possible  to  relate  percent 
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of  trips  taken  by  transit  to  the  net  residential  density  in  dwellings 
per  acre  at  the  origin  end,  the  size  of  a  downtown  in  million  square 
feet  of  nonresidential  floorspace  at  the  destination  end,  and  the  type 
of  transit  service  provided,  whether  bus  with  a  specified  service 
frequency,  rapid  transit  within  or  outside  a  specified  distance  from 
stations,  or  commuter  rail.*    It  is  further  possible  to  take  into  account 
an  area's  income  and  household  size  at  the  residential  end  and  make  a 
distinction  at  the  nonresidential  end  between  a  traditional  downtown  and 
a  looser,  more  auto  accessible  "spread  nonresidential  cluster." 

As  evident  from  Exhibit  3.21,  both  downtown  size  and  proximity 
to  rail  transit  enter  the  model  twice:    once  as  determinants  of  auto 
ownership,  and  a  second  time  as  determinants  of  the  choice  of  mode  by 
particular  auto  ownership  groups.    It  is  therefore  not  surprising  that 
both  exert  a  very  strong  influence  on  the  choice  of  mode.    By  depressing 
auto  ownership  in  the  first  instance,  they  give  greater  weight  to  the 
"zero  car  household"  and  "one-car  household"  mode  choice  equations  which 
strongly  respond  to  downtown  floorspace  and  rail  service  in  the  second 
instance.    Net  residential  density  has  a  much  weaker  influence  on  modal 
choice,  especially  if  rail  transit  is  provided.    Without  rail  service, 
net  residential  density  has  more  impact  because  it  serves,  in  part,  as  a 
proxy  for  the  quality  of  bus  service.    The  suppressing  effect  of  bus 
service  quality  on  auto  ownership  has  been  shown  by  others  but  is  not 
captured  by  the  model  due  to  its  col  linearity  with  residential  density. 

It  is  worth  noting  that  the  model  shows  the  preference  for 
rapid  transit  over  bus  to  be  strongest  among  one»car  households.  The 
impact  on  attracting  transit  ridership  from  a  zero-car  household  is 
about  the  same  if  50  percent  of  a  residential  area  is  within  2,000  feet 
(610  m  or  an  8-minute  walk)  of  a  rapid  transit  station,  or  if  the 
downtown  bus  frequency  is  12  buses  an  hour.    By  contrast,  according  to 

^Because  of  the  small  size  of  the  Newark  light  rail  operation, 
included  in  the  study  area,  separate  estimates  for  light  rail  were  not 
made;  it  was  included  with  rapid  transit. 
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Exhibit  3.21 

Structure  of  Mode  Choice  Model 


Median  Income 
per  household 


V  T  *  ± 


Number  of  autos  per  household  at 
place  of  residence  from  Exhibit  3.22 


Persons  of 
driving  age 


Net  residential 
density 


Nonresidential 
density  at  destination 


Number  of  autos  per  household  in 
travel  stream 


Percent  households  owning  zero,  one, 
two  or  more  autos 


Proximity  to 
rail  transit 


Frequency  of 
bus  service 


PERCENT  USING  TRANSIT  (%T) 

TO  CONCENTRATED  CBDs  (High) 

Zero  auto  households:    %T  =  30.7  log  F  +  0.246S  +  1 1 .9  log  B  +  28.0 

One  auto  households:  %T  =  32.3  log  F  +  0.264S  +  6.0  log  B  +  7.6R  -20.0 
Two  or  more  auto:  %T  =  23.0  log  F  +  0.1  76S  +  9.1  log  B  +  7.1  R  -21.2 
TO  SPREAD  CLUSTERS  (Low) 

Zero  auto  households:  %T  =  63.8  log  F  +  0.407S  +  1 .1  69  log  B  -11.1 
One  auto  households:  %T  =  33.1  log  F  +  0.300S  —19.4 
Two  or  more  auto:  %T  =  25.7  log  F  +  0.1  88S  +  0.663  log  B  -22.5 
Where  F  =  nonresidential  floorspace,  msf 

S  =  percent  of  residential  area  within  half  mile  of  rapid  transit  station 
B  =  bus  frequency,  buses  per  hour  in  peak  two  hours 
R  =  rail  service,  1  if  nearby,  0  if  not 


At  a  median  income  and  household  size: 
Net  residential  density,  dwellings  per  acre 
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Exhibit  3.22 

Auto  Ownership  Model 


2-1  Tj  Number  of  Autos  per  Household 


Subway  territory: 

(1)  Autos/HH  =  -0.195  RD  +  0.740  I  +  0.369  H  -  0.563 


"   (Assuming  1.9  Persons  over  16  yrs.  per  Household)        Commuter  rail  territory 


(2)  Autos/HH  =  -0.394  RD  +  1.033  I  +  0.303  H  -  0.162 
No  rail  service  territory: 

(3)  Autos/HH  =  -0.432  RD  +  1.310  I  +  0.266  H  -  0.338 

RD  =  log  Dwellings/acre 

I       =  log  median  family  income  in  Census  tract 
H      =  number  of  persons  16  years  or  older  in  household 


Mean  autos/HH 
Standard  Deviation 

Number  of  Census  tracts 


Subway  territory  Commuter  Rail  No  rail  service 
0.415  1.132  1.182 

0.370 
0.785 
541 


0.239 
0.634 
1154 


0.447 
0.830 
2528 


Median  family  income 
in  census  tract  ($1969) 
High  =  $15,000  (upper  20%) 
Middle  =  $1  1,000  (Middle  60%) 
Low  =  $8,000  (Lower  20%) 
All  curves  assume  household 
size  of  1 .9  persons  over  1  6; 
actual  range  1.0  to  2.7.  The 
length  of  the  curves  is  indica- 
tive of  the  range  of  observed 
values. 


Source:  Exhibit  2.9,  Public  Transportation  and  Land  Use  Policy. 
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the  model,  there  is  no_  realistic  bus  frequency  sufficiently  high  to  make 
a  one-car  household  find  bus  as  attractive  as  rapid  transit  within  that 
access  distance.    With  two-or-more  car  households,  the  overall  attrac- 
tiveness of  transit  is  cut  nearly  in  half,  and  distinctions  between  rail 
and  bus  are  harder  to  interpret. 

To  test  the  reasonabl ness  of  the  mode  choice  model  for  areas 
outside  the  Tri -State  New  York-New  Jersey-Connecticut  Region,  two 
calculations  are  made.    One  is  to  take  the  lowest  density  and  the 
highest  density  residential  zones  in  each  of  14  urban  areas  and  to 
estimate  the  proportions  of  trips  by  transit  from  them  to  the  respective 
Central  Business  Districts.    The  CBD  floorspace  for  this  comparison  is 
estimated  for  the  year  in  which  available  travel  surveys  were  made.  The 
resulting  percentages  of  transit  use,  shown  in  the  third  and  fourth 
columns  of  Exhibit  3.23,  bracket  the  actual  percentage  of  transit  use, 
shown  in  the  last  column,  reasonably  well  in  11  out  of  the  14  urban 
areas,  though  Pittsburgh  falls  near  the  top  and  Denver  and  Houston  near 
the  bottom  of  the  range.    Only  Dallas,  Columbus  and  Indianapolis  fall 
outside.    If  applied  on  a  detailed  zone  by  zone  basis,  the  model  would 
undoubtedly  over-predict  their  share  of  transit. 

To  explore  the  reason  for  this  discrepancy,  the  laborious 
second  calculation  is  made,  applying  the  model  zone  by  zone  in  two  urban 
areas  where  sufficient  local  detail  was  available,  namely  Baltimore  and 
Dallas.    In  Baltimore,  the  detailed  calculation  estimates  the  choice  of 
transit  precisely  at  40  percent.    In  Dallas,  the  estimate  is  a  36 
percent  transit  share  compared  to  an  actual  15.7.    Given  the  dependence 
of  the  model  on  auto  ownership  rates,  the  hypothesis  is  tested  that 
Dallas  households  living  at  similar  densities  and  with  similar  incomes 
own  more  autos  than  those  in  the  Tri -State  New  York  Region.    This  hypo- 
thesis is  proven  wrong.    Autos  per  household  at  the  time  of  the  survey 
in  Dallas  were  no  higher  than  those  in  non-rail  territories  of  the  New 
York  Region  for  similar  densities  and  incomes.    This  suggests  that 
characteristics  of  the  transportation  system  to  the  CBD,  namely  a  low 
level  of  bus  service  and  a  high  level  of  auto  accessibility  (i.e., 
parking  supply)  are  responsible  for  the  discrepancy. 
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The  second  version  of  the  mode  choice  model,  pertaining  to 
"spread  clusters"  of  nonresidential  activity  with  a  low  transit  use  (as 
opposed  to  Central  Business  Districts),  was  calibrated  on  areas  with 
such  characteristics.    This  version  is  applied  on  a  zone-by-zone  basis 
to  Dallas,  yielding  a  closer  estimate  of  22  percent  transit.    If  applied 
to  the  lowest  and  the  highest  density  residential  zones  in  Columbus, 
Denver,  Houston  and  Indianapolis,  the  "spread  cluster"  model  also  yields 
closer  estimates;  they  are  shown  in  parentheses  in  Exhibit  2.23. 

The  fact  that  the  "spread  cluster"  model  seems  to  fit  the 
downtowns  of  Columbus  and  Indianapolis  better  than  the  CBD  model  is  not 
surprising,  in  light  of  the  overbounded  local  definition  of  the  two  CBDs 
(3.1  and  4.5  square  miles,  or  8.0  and  11.7  km  ,  respectively).  The 
other  overestimated  downtowns  are  not  overbounded,  and  the  level  of 
transit  use  in  an  urban  area  is  advanced  as  a  criterion  of  which  of  the 
two  mode  choice  modes  to  apply.    This  can  be  measured  by  annual  total 
transit  trips  per  capita,  what  used  to  be  known  as  the  "riding  habit." 
This  index  is  shown  in  Exhibit  3.24  for  1972  and,  where  available,  for 
1976.    Urban  areas  are  ranked  from  the  highest  trips  per  capita  to  the 
lowest,  based  mostly  on  the  1976  trip  data  and  on  1972  urbanized  area 
population  from  sources  indicated  in  the  Exhibit. 

Honolulu  and  New  Orleans  stand  at  the  top  in  terms  of  transit 
trips  per  thousand  residents  (though  New  York's  ratio,  not  shown,  is 
139).    A  sizable  group  of  urban  areas  follows,  ranging  from  Baltimore's 
69.5  to  San  Diego's  31.8  trips  per  thousand  residents  (Chicago,  Phila- 
delphia and  Boston,  all  not  shown  are  in  the  80s;  San  Francisco  is  in 
the  50s).    The  next  12  urban  areas  range  progressively  downward  from  St. 
Louis's  29.7  to  Dayton's  14.6.    Tampa  -  St.  Petersburg  and  Phoenix  stand 
alone  at  the  bottom  with  fewer  than  10  annual  transit  trips  per  thousand 
residents. 

The  urban  areas  for  which  there  is  some  evidence  that  the 
spread  cluster  mode  choice  model  might  be  more  suitable,  namely  Houston, 
Denver,  and  Dallas  -  Ft.  Worth,  fall  in  the  lower  half  of  the  distribu- 
tion, as  do  Columbus  and  Indianapolis;  all  have  annual  transit  trip 
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rates  in  the  30  to  16  range.    This  might  suggest  that  all  urban  areas 
with  similar  ratios  would  be  candidates  for  a  "low  transit  orientation" 
designation.    However,  this  would  ignore  the  clear  indication  from 
Exhibit  3.21  that  the  ratio  of  trips  per  capita  can  change  markedly  in  a 
few  years.    Atlanta,  Honolulu,  Los  Angeles,  Washington,  Portland,  San 
Diego  and  Cincinnati  have  all  scored  impressive  gains  in  the  four-year 
period.    It  would  be  presumptuous  then  to  burden  those  urban  areas  in 
the  lower  group,  Dayton  up  through  St.  Louis,  with  a  mode  choice  equation 
that  estimates  fewer  transit  trips.    Besides,  two  downtowns  for  which 
the  "high  transit  orientation"  model  yields  accurate  estimates  --  at 
least  for  conditions  as  of  the  1950s  when  travel  inventories  were 
made  --  namely,  Detroit  and  Kansas  City,  now  fall  in  this  lower  range. 
For  these  12  urban  areas  then,  it  would  be  best  not  to  pre-judge  which 
of  these  two  mode  choice  models  is  most  suitable.    Only  Tampa  -  St. 
Petersburg  and  Phoenix  have  sufficiently  low  transit  trips  per  capita  to 
give  assurance  that  the  "low  transit  orientation"  model  is  best  suited 
for  them.    At  the  upper  end  of  the  scale,  all  urban  areas  from  Honolulu 
through  San  Diego  would  appear  to  be  sufficiently  transit-oriented  to 
warrant  the  concentrated  CBD  mode  choice  model.    Accordingly,  the  model 
or  models  to  be  used  to  estimate  mode  choice  for  each  urban  area  is 
indicated  by  an  "H"  (high)  or  "L"  (low)  in  Exhibit  3.23. 

Because  the  models  do  not  include  the  travel  time  differences 
for  transit  and  auto,  they  are  insensitive  to  the  speed  of  service 
provided,  and  do  not  account  for  differences  in  transit  ridership  that 
might  result  from  such  system  variations  as  station  spacing  or  compara- 
tive highway  speeds.    These  adjustments  can  be  made  using  prevailing 
relationships  between  travel  time  differences  and  mode  choice.  For 
medium-sized  cities  the  percent  of  travel  by  transit  among  auto  owners 
declines  by  about  1.35  percentage  points  for  each  additional  minute  by 
which  the  transit  trip  is  longer  compared  to  the  auto  trip.    Using  this 
relationship  and  accounting  for  known  differences  in  travel  time,  it  is 
possible  to  adjust  the  mode  choice  results  for  various  assumed  auto 
speeds  or  transit  station  spacing. 
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Exhibit  3.25 

Relationship  between  Gross  and  Net  Densities,  Five  Urban  Areas 


The  application  of  the  mode  choice  models  requires  one  piece 
of  bookkeeping.    Because  population  distributions  in  the  maximum  cor- 
ridor are  measured  in  population  per  square  mile,  and  the  mode  choice 
model  requires  net  densities  measured  in  dwellings  per  net  residential 
acre,  a  conversion  is  required.    In  Exhibit  3.25,  curves  are  presented 
to  permit  this  conversion  based  on  small  area  data  for  five  urban  areas 
where  both  measures  of  density  were  available.    The  essential  point  is 
that  above  about  5,000  people  per  square  mile,  corresponding  to  about  7 
dwellings  per  net  acre,  there  is  a  common  curve.    Below  that  point  the 
curves  diverge  with  first  Dallas-Ft.  Worth,  then  Indianapolis,  and  then 
Baltimore,  peeling  off.    Philadelphia  and  New  York  remain  coincident. 
This  occurs  because  at  the  higher  densities,  all  urban  areas  are  fully 
urbanized  or  "filled  in,"  and  the  gross  versus  net  relationship  is  a 
constant  one.    At  low  gross  densities,  young  urban  areas  are  less  likely 
to  be  fully  developed;  attaining  a  given  gross  density  will  require  a 
higher  net  density  for  a  young  area  than  for  a  mature  one.    By  using  the 
curves  in  Exhibit  3.25,  gross  density  as  found  in  Exhibit  3.12  can  be 
converted  to  net  densities  and  the  mode  choice  model  can  be  applied. 

5.    Extent  of  Tributary  Area. 

To  use  the  trip  attraction  and  mode  choice  relationships  the 
area  over  which  they  are  to  be  applied  needs  to  be  defined.    This  is 
best  accomplished  by  examining  the  median  access  distance  to  stations. 
Since,  by  definition,  half  the  riders  will  have  trip  ends  within  that 
distance,  the  task  becomes  one  of  defining  that  median  distance,  cal- 
culating the  area  it  circumscribes,  determining  the  trips  made  to  and 
from  that  area,  and  doubling  these  trips  to  account  for  those  coming 
from  an  undefined  area  beyond. 

The  median  access  distance  or  trip  length  and  the  full  tri- 
butary area  beyond  it  are  influenced  by  many  factors.    The  longer  the 
line-haul  portion  of  the  trip,  the  larger  the  tributary  area.  Potential 
riders  are  willing  to  travel  a  greater  distance  with  a  perpendicular 
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component  to  the  radial  route  as  the  access  portion  of  their  trip  becomes 
a  smaller  portion  of  the  total  trip.    Similarly,  the  tributary  area  is 
enlarged  around  the  terminal  station,  drawing  travellers  from  beyond  the 
end  of  the  line,  as  the  access  portion  of  their  trip  is  in  the  direction 
they  wish  to  travel.    The  availability  of  parking  will  expand  the  area, 
attracting  riders  from  beyond  walking  distance,  especially  if  no  residency 
restrictions  are  placed  on  parking  spaces.    The  quality  of  the  service 
will  expand  the  area,  as  riders  will  travel  farther  to  reap  the  benefits 
of  speedier  service.    For  example,  people  walk  longer  distances  to  rail 
lines  than  to  local  buses.    The  route  and  station  configuration  can  also 
influence  the  tributary  area.    If  stations  are  closely  spaced  or  if 
competing  radial  routes  exist,  areas  served  by  the  system  will  overlap, 
thereby  shortening  the  access  trip  length  to  stations.    Finally,  resi- 
dential densities  also  play  a  role;  stations  in  higher-density  areas 
tend  to  have  a  higher  proportion  of  riders  arriving  on  foot.  Also, 
access  speeds  by  bus  and  auto  decline  as  density  increases,  reducing  the 
access  trip  length. 

A  generalized  quantification  of  the  interplay  of  these  factors 
has  never  been  accomplished,  in  part  because  the  variables  are  highly 
site-specific,  and  in  part,  because  many  of  the  factors  are  closely 
correlated  with  one  another.    For  example,  station  distance  from  the  CBD 
and  residential  density  tend  to  be  highly  correlated,  blurring  distinctions 
between  the  two. 

In  Exhibit  3.26,  the  distance  of  each  station  from  the  CBD 
terminal  is  plotted  on  the  horizontal  axis  and  the  median  access  trip 
length  is  plotted  on  the  vertical  axis  for  66  commuter  rail  stations  in  New 
Jersey  based  on  a  consistent  set  of  data  gathered  by  the  Port  Authority 
of  New  York  and  New  Jersey.    Comparable  data  from  other  urban  areas 
could  unfortunately,  not  be  obtained.    The  data  set  at  hand  has  two 
shortcomings:    all  stations  are  10  or  more  miles  from  the  CBD  and  buses 
as  an  access  mode  are  negligible.    The  Exhibit  shows  that  at  a  10  to  15 
mile  distance  (16  to  24  km)  from  the  CBD  median  access  trips  by  most  modes 
are  less  than  1.0  mile  (1.6  km).    Beyond  10  miles,  median  access  trip 
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Exhibit  3.26 

Median  Access  Distance  as  Function  of  Line  Haul  Distance  to  CBD 
for  66  Commuter  Rail  Stations  in  New  Jersey 
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length  increases  by  about  one-half  mile  for  every  ten  additional  miles 
out  along  the  radial  rail  line.    Those  stations  with  substantial  park 
and  ride  facilities  (letter  P)  and  terminal  stations  (letter  T)  have 
significantly  higher  median  access  distances.    The  straight  line  of  best 
fit  for  the  non-park  and  ride  stations  is  the  lower  heavy  line;  the 
upper  heavy  line  shows  the  straight  line  of  best  fit  for  the  park  and 
ride  stations.    For  the  former  group  the  median  access  trip  length  is  in 
the  range  of  11  to  6  percent  of  the  radial  distance;  for  the  latter 
group  it  is  25  to  12  percent. 

The  variation  of  median  access  trip  length  by  access  mode  in 
relation  to  line  haul  distance  is  also  shown  in  Exhibit  3.26.    For  the 
auto  driver,  park  and  ride  stations  have  median  access  trip  lengths 
ranging  from  about  2.5  miles  (4  km)  at  10  miles  (16  km)  from  the  CBD  to 
over  5.0  miles  (8  km)  at  40  miles  (64  km)  out.    Stations  without  exten- 
sive park  and  ride  facilities  attract  drivers  from  distances  that  are 
only  three-fifths  as  long.    Auto  passenger  access  trips  do  not  vary  by 
type  of  stations.    They  are  shorter  than  the  auto  driver  trips.  This 
reflects  the  desire  to  economize  on  travel  when  two  individuals'  time  is 
involved,  one  of  whom  derives  no  transportation  benefit  and  usually  must 
make  a  "dead-head"  return  trip.    The  median  access  trip  on  foot,  also 
shown  for  both  types  of  stations  combined,  varies  only  slightly  with 
distance  from  the  CBD  averaging  between  0.5  and  0.6  miles  (0.8  to  1.0 
km).* 

The  mix  of  access  modes  is  reflected  in  the  overall  median 
access  trip  length.    Typically,  at  stations  with  median  access  trip 
lengths  of  one  mile  (1.6  km),  40  to  50  percent  of  the  access  trips  are 
on  foot  while  35  percent  are  auto  drivers,  the  remainder  being  auto 
passengers.    At  double  that  access  trip  length,  20  percent  are  on  foot 
while  half  are  auto  drivers.    Obviously,  these  relationships  will  differ 


*This  appears  to  be  quite  long;  New  York  City  median  walking 
distances  to  subway  stops  are  about  0.35  miles  (0.6  km)  when  there  are 
no  competing  stops  nearby;  median  bus  access  distances  in  outer  Queens 
are  about  2.6  miles  (4.2  km). 
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if,  as  on  new  rapid  transit  systems  in  Washington  and  Atlanta,  a  large 
proportion  of  access  trips  is  made  by  bus. 

At  a  distance  of  6  to  10  miles  (10  to  16  km)  from  the  center 
of  Washington,  the  access  modes  to  residentially  oriented  WMATA  stations 
with  parking  are  roughly  30  percent  bus,  32  percent  auto  driver,  15 
percent  auto  passenger,  21  percent  walk  and  2  percent  other  modes. 
Assuming  that  the  median  access  trip  lengths  by  these  modes  are  as  shown 
in  Exhibit  3.26,  then  the  median  access  trip  by  bus  would  have  to  be 
about  1.9  miles  (3  km)  long  for  the  aggregate  median  access  trip  to  fit 
the  1.57  miles  (2.53  km)  predicted  by  the  "park-and-ride"  station  equa- 
tion at  that  distance  from  downtown.    This  is  shorter  than  the  auto 
driver  trip  and  is  not  implausible,  given  that  the  mean  bus  trip  for  all 
purposes  in  Washington  is  3.3  miles  (5.3  km).    The  evidence,  while 
circumstantial,  suggests  that  the  New  Jersey  relationships  shown  in 
Exhibit  3.26  are  not  out  of  scale  with  those  in  the  Washington  area,  at 
least.    In  the  absence  of  other  access  trip  length  distribution  data, 
these  relationships  are  used  in  Chapter  IV  to  define  the  tributary  areas 
of  stations. 

6.    Travel  Within  Downtowns. 

Procedures  for  estimating  fixed  guideway  travel  demand  pre- 
sented so  far  in  this  chapter  are  tailored  to  a  predominantly  residen- 
tial corridor  leading  to  a  downtown.    While  small-vehicle  automated 
guideway  or  peoplemover  technology  might  also  serve  such  a  corridor,  the 
current  intent  of  peoplemover  systems  is  to  serve  either  travel  internal 
to  the  CBD  or  travel  that  arrives  at  its  edge  by  some  other  mode,  and 
then  transfers.    Hence,  estimating  travel  demand  for  downtown  people- 
movers  (DPM)  calls  for  procedures  distinct  from  those  presented  so  far. 

Such  procedures  were  developed  concurrently  with  this  book  for 
a  separate  publication.    Only  a  summary  of  the  planning  implications 
that  emerge  from  the  demand  analysis^  is  presented  here  along  with  some 
quantitative  results.    The  reader  is  referred  to  the  detailed  discussion 
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in  the  manual:    PPM:    Planning  for  Downtown  Peoplemovers . 

In  contrast  to  rapid  transit  and  light  rail,  there  is  little 
experience  for  evaluating  downtown  peoplemover  demand.    Consequently,  a 
parametric  technique  is  used,  i.e.,  an  "if-then"  approach,  assuming 
values  of  important  parameters  and  variables.    These  variables  fall  into 
four  categories.    First  are  the  characteristics  of  the  CBD:    the  amount 
of  CBD  activities  measured  by  nonresidential  floorspace  or  by  employ- 
ment, the  distribution  of  CBD  activities  (either  spread  or  concentrated), 
and  the  land  area.    Second  are  the  characteristics  of  the  DPM:  number 
of  stations,  station  spacing,  loop  or  shuttle  configuration.    Third  are 
the  DPM  operating  characteristics:    operating  speed,  headways,  and 
fares.    Fourth  is  the  configuration  of  other  transportation  facilities 
line-haul  transit  delivery  system  to  the  DPM,  location  and  capacity  of 
fringe  park  and  ride  lots,  and  the  highway  network  configuration. 

Three  traditional  methodological  steps  are  used:    trip  gen- 
eration, trip  distribution,  and  mode  choice.    The  trip  generation 
procedure  yields  total  CBD  trip  volumes  in  five  categories,  each  with 
potential  for  diversion  to  peoplemovers.    They  are  (a)  regional  (one  end 
inside,  one  end  outside  the  CBD)  CBD  transit  trips,  (b)  regional  CBD 
auto  trips,  (c)  internal  (both  ends  inside  CBD)  CBD  walk  trips,  (d) 
internal  CBD  transit  trips,  and  (e)  internal  CBD  auto  trips.  Regional 
CBD  trips  by  transit  and  auto  are  estimated  by  simple  regression  tech- 
niques relating  CBD  floorspace  and  CBD  employment  to  CBD  trip  ends. 
These  relationships  were  illustrated  earlier  in  Exhibit  3.15.  Internal 
CBD  trip  ends  are  estimated  by  first  using  prevailing  trip  end  rates  per 
unit  of  floorspace  by  type  (office,  retail,  other)  to  estimate  all_  trips 
with  at  least  one  end  in  the  CBD.    Internal  trips  are  then  derived  by 
subtracting  the  regional  CBD  trip  ends  from  the  total  trip  ends.  Internal 
trips  are  further  sub-divided,  splitting  out  walk  trips  based  on  avail- 
able walk  trip  rates  by  floorspace  type,  and  transit  from  auto  on  the 
basis  of  existing  data  in  10  CBDs. 

The  distribution  of  trips  to  zones  around  DPM  stations  that 
might  serve  those  trips  is  made  with  the  aid  of  Exhibit  3.14.  By 
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assuming  that  trips  occur  in  proportion  to  the  activities  within  2000 
feet  (610  m)  of  a  DPM  station,  trips  are  assigned  to  pairs  of  DPM  sta- 
tions, with  the  distribution  depending  on  whether  the  CBD  has  its  acti- 
vities relatively  spread  or  concentrated.    The  distribution  also  depends 
on  the  particular  DPM  system  configuration:    closer  station  spacing  will 
translate  into  fewer  potential  trips  assigned  to  any  one  station. 

The  mode  choice,  or  diversion  rate,  is  treated  next.  Esti- 
mates of  DPM  trips  diverted  from  other  modes  are  calculated  separately 
for  each  of  the  five  trip  categories.    All  estimates  are  developed  first 
in  terms  of  percentages  and  then  applied  to  the  aggregate  trip  volumes. 
Each  diversion  calculation  requires  a  comparison  of  the  non-DPM  (auto, 
transit,  or  walk)  trip  with  that  of  a  DPM  trip  for  the  same  DPM  station 
pair.    If  the  DPM  alternative  is  "cheaper"  in  terms  of  travel  time, 
money  cost,  and  convenience  all  trips  are  assigned  to  it.    If  the  non- 
DPM  alternative  is  "cheaper"  no  trips  are  assigned  to  the  DPM. 

To  estimate  the  diversion  rates  for  regional  transit  trips, 
assumptions  must  be  made  as  to  where  the  transit  passengers  are  deli- 
vered.   If  the  line-haul  system  is  arranged  to  deliver  passengers  to  DPM 
stations  at  the  fringe  of  the  CBD,  a  large  proportion  of  the  riders  will 
find  themselves  with  only  the  choice  of  a  long  walk  to  their  CBD  trip 
end.    This  transit  delivery  arrangement  may  be  achieved  more  easily  if 
the  transit  mode  is  local  bus  which  can  be  re-routed  to  feed  the  DPM 
system,  obviating  the  slow  CBD  portion  of  the  trip.    The  line-haul 
system  might  also  deliver  passengers  more  centrally  to  the  CBD,  more 
likely  for  a  rapid  transit  line,  which  will  tend  to  dampen  this  element 
of  DPM  demand.    In  either  case,  the  inclusive  cost  to  the  traveller  of 
using  the  DPM  can  be  calculated  for  any  station  spacing  and  number  of 
stations  configuration  if  DPM  operating  speed  (to  calculate  in-vehicle 
time),  DPM  headway  (to  calculate  waiting  time)  and  DPM  fare  are  assumed 
along  with  a  cost  for  ascending  and  descending  to  and  from  the  DPM 
station.    The  non-DPM,  or  walk  alternative  for  the  regional  transit 
traveller  is  merely  the  cost  of  the  walk.    Because  the  cost  of  access  to 
the  DPM  has  not  been  calculated,  the  amount  by  which  the  non-DPM  alternative 
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exceeds  the  cost  of  the  DPM  alternative  can  be  thought  of  as  the  break- 
even cost  of  access.    This  cost  is  then  converted  to  break-even  distance 
assuming  a  value  of  walking  time,  and  the  percent  of  activities  within 
that  distance  is  assumed  to  equal  the  percent  of  trips  diverted. 

The  method  to  determine  regional  auto  trips  to  a  DPM  is 
similar  to  that  for  transit  trip  di version—with  two  important  dis- 
tinctions.   First,  the  cost  of  parking  in  the  CBD  must  be  included.  To 
account  for  its  impact,  empirical  data  shown  partly  in  Exhibit  3.16  is 
used.    The  second  distinction  involves  the  availability  of  sufficient 
fringe  parking  and  highway  capacity  to  accept  those  auto  drivers  pre- 
pared to  transfer  to  the  DPM. 

The  diversion  of  internal  walk  trips  is  calculated  in  much  the 
same  manner  as  other  trips;  the  cost  to  the  traveller  of  using  the  DPM 
is  compared  to  the  cost  of  not  using  it.    An  added  consideration  is  the 
difference  in  walk  trip  length  by  amount  of  CBD  activity. 

To  estimate  the  diversion  of  internal  transit  trips  to  the 
DPM,  it  is  necessary  to  assume  operating  characteristics  of  the  existing 
transit  system,  usually  buses,  and  compare  them  to  those  of  the  DPM. 

The  calculation  of  the  diversion  of  internal  auto  trips  is 
somewhat  more  complex.    Three  sub-groups  of  internal  auto  users  must  be 
considered.    First  are  the  auto  users  reimbursed  for  their  parking 
costs,  assumed  to  be  20  percent  of  the  total  auto  users  --  and  not 
divertible  to  the  DPM.    Second  is  the  group  who  did  not  take  the  oppor- 
tunity, for  whatever  reason,  to  divert  to  the  DPM  for  the  line-haul  trip 
to  the  CBD.    These  people,  while  not  impervious  to  eventual  DPM  diversion 
inside  the  CBD  are  at  least  more  resistant  to  using  the  new  system 
because  they  have  their  autos  in  the  CBD.    They  are  assigned  values  of 
walking  time  that  reflect  a  greater  reluctance  to  divert  than  the  third 
group  --  those  who  left  their  autos  behind  at  the  fringe  station  and  are 
assumed  to  behave  like  internal  transit  travellers. 

The  procedures  above  were  used  to  estimate  demand  for  a 
variety  of  CBD  characteristics  (floorspace,  land  area,  spread  or  con- 
centrated activity  distribution),  DPM  characteristics  (station  spacing, 


-231- 


number  of  stations,  fare,  headways  and  speed),  and  transportation  lay- 
outs (fringe  park  and  ride,  rerouting  of  existing  bus  system).  The 
numerical  results  will  not  be  detailed  here,  for  they  depend  on  the 
assumptions  used.    The  realism  of  the  assumptions  for  any  particular 
downtown  cannot  be  tested  except  in  a  sitespecific  setting.    To  give  the 

reader  a  sense  of  scale,  one  hypothetical  example  is  shown. 

2 

Assume  a  CBD  of  0.8  square  miles  (2  km  )  with  35  million 
2 

square  feet  (3.25  million  m  )  of  nonresidential  floorspace  and  a  rela- 
tively spread  activity  distribution,  a  downtown  not  dissimilar  to  Miami, 
Milwaukee  or  Minneapolis. 

Assume  a  DPM  line  just  under  a  mile  in  length  with  5  stations 
and  2-minute  headways  operating  at  a  net  or  scheduled  speed  of  10  mph 
(16  km/h)  and  no  fare. 

The  diversion  of  internal  CBD  trips  can  then  be  estimated  as 

fol lows: 

10,000  weekday  trips  diverted  from  walking 
1,000  weekday  trips  diverted  from  intra-CBD  bus  travel 
1,000  weekday  trips  diverted  from  intra-CBD  auto  travel 

12,000  weekday  intra-CBD  trips  diverted  to  DPM 

The  diversion  of  regional  trips  to  the  CBD  can  be  estimated 

as: 

10,000  weekday  bus  trips  if  20  percent  of  all  bus  passengers 
are  tunneled  to  transfers  with  the  DPM 

15,600  weekday  auto  person-trips  assuming  two  fringe  parking 
lots  of  3,500  spaces  each  (28  acres  or  11  ha) 

25,600  weekday  regional  CBD  trips  diverted  to  DPM 

37,600  total  weekday  trips  diverted  to  DPM 

It  is  evident  that  even  with  modest  assumptions  about  the 
share  of  trips  originating  or  destined  outside  the  CBD  and  diverted  to 
the  DPM,  these  external  or  regional  trips  overwhelm  the  internal  trips 
and  comprise  over  two-thirds  of  the  total  DPM  travel. 

For  comparison,  it  might  be  noted  that  one  system  that  performs 
the  function  of  a  downtown  peoplemover  at  present  --  the  1.2  mile  (1.9km) 
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long  streetcar  subway  line  in  Fort  Worth  --  carried  5,600  weekday  pas- 
sengers in  1980,  virtually  all  regional  auto  users  switching  to  or  from 
the  line  at  an  outlying  25-acre  (10  ha)  parking  lot,  accommodating  about 
3,000  cars.    The  privately  owned  line  charges  no  fare.    Another  functional ly 
similar  system  of  the  same  length  but  different  technology  is  the  Seattle 
monorail,  which  connects  the  retail  core  of  the  Seattle  CBD  to  outlying 
exhibition  grounds.    It  carries  9,500  weekday  passengers,  few  of  whom 
are  outlying  parkers  and  charges  a  standard  transit  fare.    The  two 

downtowns  have  about  10  and  40  million  square  feet  (0.93  and  3.7  million 

2 

m  )  of  nonresidential  floorspace,  respectively. 

New  trips  induced  by  a  downtown  peoplemover  must  also  be 
considered,  because  increased  downtown  activity  resulting  from  induced 
travel  is  --  following  the  logic  outlined  in  Chapter  I  --  one  rationale 
for  building  such  systems.    Another  one  is  to  enable  more  compact  CBD 
development,  as  the  Fort  Worth  line  does.    Data  on  induced  travel  are 
weak.    Three  observations  can  be  referred  to.    Passenger  surveys  at  the 
Dupont  Circle  station  of  the  Washington  Metro  indicate  that  12.8  percent 
of  the  passengers  were  induced  in  1976,  when  the  initial  five-station 
segment  of  the  subway  acted  much  as  a  downtown  peoplemover.    In  Milwaukee, 
8.2  percent,  and  in  Los  Angeles,  16.5  percent  of  passengers  on  CBD 
shuttle  buses  claimed  they  would  not  make  the  trip  if  the  service  did 
not  exist.    The  Los  Angeles  survey  preceded  the  introduction  of  the 
service.    A  conservative  judgment  would  be  that  not  much  over  10  percent 
of  DPM  travel  is  likely  to  be  induced. 

Exact  numerical  values  aside,  a  number  of  planning  conclusions 
can  be  drawn  from  this  analysis. 

1.      For  regional  auto  trips,  often  the  largest  potential  market, 
the  following  should  be  noted: 

a.      Provision  of  fringe  parking  --  particularly  if  linked  to 
parking  restraints  in  the  core  of  the  CBD  --  is  the  greatest  lever  for 
increasing  DPM  travel  at  the  expense  of  auto  travel.    Physical  limits  to 
the  size  of  fringe  parking  facilities  are  likely  to  be  the  key  factor 
restraining  diversion  of  regional  auto  trips. 
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b.  Diversion  of  regional  auto  trips  is  directly  related  to 
total  floorspace  and  floorspace  density  of  the  CBD  because  the  cost  of 
parking  near  the  core  of  the  CBD  depends  on  them.    In  small  CBDs,  parking 
costs  are  usually  sufficiently  low  that  there  is  little  incentive  to 
avoid  them. 

c.  A  CBD  with  a  large  land  area  will  require  a  longer  DPM 
system  to  attain  the  same  diversion  of  auto  trips  as  a  CBD  with  a  smaller 
land  area,  given  the  same  total  floorspace. 

d.  Diversion  of  auto  travel  changes  little  with  changes  in 
operating  characteristics,  such  as  speed  and  frequency  of  service.  In 
larger  CBDs,  the  saving  in  parking  charges  is  sufficient  to  outweigh 
small  differences  in  travel  time;  in  small  CBDs,  these  differences 
cannot  be  sufficient  to  encourage  a  change  of  mode,  unless  parking 
supply  in  the  CBD  core  is  restricted. 

2.      For  regional  transit  trips,  often  the  second-largest  DPM 
market,  the  following  observations  hold: 

a.  Forced  diversion  from  buses  is  an  effective  way  to  build 
up  DPM  travel  volumes.    Yet,  in  practice,  it  is  difficult  to  intercept 
all  bus  passengers,  because  they  arrive  from  different  directions.  Nor 
is  it  necessarily  desirable,  because  many  of  them  would  have  to  travel 
in  an  indirect  way,  and  all  would  incur  transfer  costs.    Still,  the 
number  of  bus  passengers  who  will  transfer  to  the  DPM  depends  primarily 
on  the  way  in  which  the  bus  system  is  modified  to  create  the  necessity 
for  such  transfers.    If  the  existing  line-haul  system,  whether  bus  or 
rail  is  left,  little  diversion  can  be  expected. 

b.  The  potential  for  diversion  from  buses  increases  with 
total  floorspace  and  floorspace  density  in  a  CBD  because  both  suppress 
auto  travel  and  tend  to  make  bus  service  more  frequent. 

c.  Increasing  the  route  length  tends  to  increase  diversion 
proportionately;  more  stations  for  the  same  route  length  produce  only 
marginally  more  diversion.    Station  spacings  on  the  order  of  1,200  feet 
(366  m)  appear  desirable  for  the  diversion  of  transit  passengers. 
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d.  A  hypothetical  increase  in  schedule  speed  from  10  to  20 
mph  (16  to  32  km/h)  divertr  few  additional  transit  passengers  because 
the  time  saving  on  the  short  section  of  the  total  trip  made  on  the  DPM 

is  small.    More  frequent  service  has  a  similarly  limited  effect.  Doubling 
frequency,  such  as  reducing  headway  from  two  minutes  to  one  minute, 
shaves  only  30  seconds  of  waiting  time  for  the  average  passenger,  a 
small  portion  of  the  inclusive  "cost"  of  the  DPM  trip.    Even  an  increase 
in  headway  to  4  minutes  reduces  the  diversion  of  regional  transit  pas- 
sengers only  moderately. 

e.  By  contrast,  thQ  imposition  of  a  fare  can  have  a  sizable 

effect  on  diversion  to  DPM.    The  percent  reduction  in  ridership  for  a 

25<£  fare  is  greater  for  the  smaller  systems.    This  conforms  to  the 

general  pattern  of  greater  passenger  responsiveness  to  fares  in  smaller 

cities.    The  magnitude  of  the  difference  between  a  paid  and  a  free 

system  is  in  scale  with  the  experience  of  internal  CBD  bus  systems, 

which  suggests  that  ridership  for  these  short  trips  doubles  when  fares 
g 

are  eliminated. 

3.     For  internal  walk  trips  the  following  findings  are  of  interest: 

a.  A  DPM  can  rarely  attract  more  than  one-third  of  all  walk 
trips  in  a  downtown,  because  most  of  these  trips  are  very  short.  Two 
thirds  of  all  CBD  walk  trips  are  shorter  than  600  to  1,400  feet  (182  to 
427  m),  depending  on  downtown  size.    The  potential  for  diversion  increases 
with  increasing  total  floorspace,  because  walk  trips  tend  to  be  longer 

in  larger  downtowns. 

b.  Compact  CBDs  tend  to  have  higher  pedestrian  diversion 
rates  for  the  same  system  configuration  than  spread  ones.    Up  to  one- 
third  more  pedestrians  can  be  diverted  in  a  compact  CBD  because  more  of 
them  will  find  their  origin  or  destination  close  to  a  DPM  station. 
This,  of  course,  is  dependent  on  the  placement  of  the  stations. 

c.  Diversion  rates  for  pedestrian  trips  generally  increase 
at  least  in  direct  proportion  to  the  number  of  DPM  stations.  For 
pedestrians,  maximum  diversion  occurs  with  a  substantially  shorter 
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average  distance  between  stations  than  needed  for  the  diversion  of 
transit  passengers. 

d.  Service  characteristics  of  speed  and  headway  affect  the 
diversion  of  pedestrian  trips  more  than  they  do  the  diversion  of  transit 
and  auto  trips. 

e.  The  imposition  of  a  fare  causes  a  dramatic  drop  in  the 
diversion  of  pedestrians.  A  10<t  fare  (in  1977  prices)  cuts  diversion 
nearly  in  half;  a  25<t  fare,  by  two  thirds  or  more. 

4.  For  internal  transit  trips  unlike  some  of  the  other  trip 
categories,  the  diversion  to  a  DPM  is  very  sensitive  to  the  operating 
policies  assumed,  because  the  competition  in  this  case,  the  local  bus, 
has  directly  comparable  features.    Small  changes  can  easily  tip  the 
scales  toward  one  mode  or  the  other.    That  is  not  the  case  for  diversion 
of  regional  auto  trips  where  the  cost  of  central  CBD  parking  and  the 
availability  of  fringe  parking  at  a  DPM  station  weigh  more  heavily  than 
changes  in  DPM  operation.    Nor  is  it  the  case  for  walking  trips,  where 
the  trip  distance  largely  determines  diversion  rates. 

5.  For  internal  auto  trips,  the  major  point  is  that  the  vast 
majority  of  diverted  auto  trips  comprise  those  who  left  their  autos  at 
the  fringe,  becoming  "captive"  transit  riders  for  their  internal  trips. 
This  diversion,  then,  depends  heavily  on  the  number  of  park  and  ride 
spaces  and  their  location  at  the  CBD  fringe. 

It  is  clear  from  this  summary  that  estimating  potential  travel 
volumes  on  an  internal  CBD  circulation  system  is  a  complex  matter, 
because  competition  in  a  variety  of  very  diverse  travel  "markets"  is 
involved.    Yet,  throughout  the  analysis,  the  total  amount  of  floorspace 
in  a  downtown  remains  the  overriding  consideration,  and  the  best  estimator 
of  potential  trips  in  the  aggregate.    Furthermore,  the  strictly  internal 
market  remains  rather  weak  until  large  downtown  size  is  reached.  With 
the  external  market  dominant  at  all  downtown  sizes,  the  tradeoff  between 
building  a  downtown-only  system  or  a  system  oriented  toward  regional 
trips  that  also  doubles  as  a  downtown  distributor  becomes  a  serious 
policy  issue. 
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CHAPTER  IV.    FIXED  GUIDEWAY  POTENTIAL 
1.    Guideways  in  an  Urban  Corridor. 

With  the  means  to  estimate  fixed  guideway  travel  in  hand,  it 
becomes  possible  to  see  where  travel  volumes  in  the  range  defined  by  the 
criteria  presented  in  Chapter  II  can,  in  fact,  be  found.    Rapid  transit 
and  light  rail  lines  are  examined  for  radial  corridors  using  population 
distribution  and  CBD  floorspace  data  for  29  urban  areas  as  developed  in 
Chapter  III.    Peoplemovers  are  examined  for  generalized  downtown  settings 

One  result  of  the  procedures  in  Chapter  III  is  an  estimate  of 
daily  passengers  travelling  to  a  CBD  from  the  densest  corridor  in  an 
urban  area,  shown  in  Exhibits  4.9  and  4.10  at  the  end  of  this  chapter. 
This  gives  an  indication  of  the  passenger  load  at  the  maximum  point. 
That  load  will  vary  depending  on  the  length  of  the  route;  a  longer  route 
will  attract  more  passengers.    Extending  the  route  beyond  some  point, 
however,  will  tend  to  lower  the  average  load  over  the  entire  line  ex- 
pressed in  passenger-miles  per  line-mile.    This  measure,  displayed 
graphically  in  Exhibits  4.5  and  4.6,  makes  it  possible  to  estimate  what 
route  length  in  a  corridor  will  attain  the  volume  necessary  to  meet  the 
criteria. 

Some  of  the  criteria  advanced  in  Chapter  II,  such  as  those 
pertaining  to  capital  investment,  were  originally  derived  in  terms  of 
weekday  passenger  volumes.    Others,  notably  those  pertaining  to  labor 
and  energy  requirements,  had  to  be  derived  in  terms  of  annual  service 
volumes.    For  convenience  in  dealing  with  passenger  data,  all  are  con- 
verted here  into  weekday  passenger  volumes,  using  the  factors  in  Exhibit 
2.19.    The  key  assumptions  are  that  passengers  occupy  23.3  percent  of 
the  places  provided  on  an  annual  basis  and  that  there  are  280  weekday 
passenger  equivalents  in  a  year  (i.e.,  Saturday,  Sunday,  and  holiday 
traffic  averages  22  percent  of  the  weekday).    No  assumptions  are  made 
about  the  magnitude  of  the  daily  peak  hour  volume  which  averages  26 
percent  of  the  daily  one-directional  load  at  the  maximum  load  point  on 
existing  systems.    Rather,  the  implication  is  that  whatever  the  daily 
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peaking  factor,  service  can  be  fitted  to  it  and  to  the  average  trip 
length  calculated  here  such  that  one-directional  weekday  peak  hour 
occupancy  at  the  maximum  load  point  does  not  exceed  100  percent  and 
average  annual  occupancy  is  held  to  about  23.3  percent.    Following  the 
discussion  of  passenger  occupancies  in  Chapter  II,  this  is  realistic. 

The  steps  used  to  calculate  average  weekday  passenger  volume 
on  a  radial  line  are  summarized  in  Exhibit  4.1.    The  method  depends  on 
an  estimate  of  the  number  of  passengers  boarding  at  each  distance  interval 
from  the  CBD.    For  this  purpose,  a  prototypical  line  must  be  laid  out. 
Nine  such  prototypical  layouts  tested  are  shown  in  Exhibit  4.2.  For 
rapid  transit,  route  lengths  of  5.5,  9  and  15  miles  (8.8,  14.5  and  24 
km)  are  examined  with  7,  9  and  12  stations  respectively,  of  which  2  are 
located  in  the  CBD.    For  light  rail,  route  lengths  of  4,  6  and  9  miles 
(6.4,  9.6  and  14.5  km)  are  examined  with  9,  12  and  16  stations  respec- 
tively, 3  of  which  are  in  the  CBD.    The  resulting  station  spacings  allow 
average  operating  speeds  of  about  25  mph  (40  km/h)  for  rapid  transit  and 
about  18  mph  (29  km/h)  for  light  rail.    In  both  cases,  there  is  some 
variation  depending  on  line  length. 

The  stations  are  surrounded  by  tributary  areas  within  the 
median  station  access  distance,  which  increases  with  distance  from  the 
CBD.    The  diamond  shape  of  these  areas,  reflecting  a  rectilinear  street 
grid,  is  divided  into  two  parts:    the  "rail  territory"  within  one-half 
mile  of  a  station  and  the  "non-rail  territory"  beyond  one-half  mile. 
The  choice  of  mode  of  travellers  from  these  two  territories  differs.  In 
addition,  stations  which  predominantly  depend  on  mechanical  access  modes 
(including  buses)  and  have  a  large  tributary  area  are  distinguished  from 
those  which  mostly  depend  on  walking  and  have  a  smaller  tributary  area. 
The  access  distance  in  the  former  case  is  assumed  to  follow  the  "park- 
and-ride  stations"  relationship  in  Exhibit  3.26  and  in  the  latter,  the 
"no  park-and-ride"  relationship. 

Within  4  miles  (6.4  km)  of  the  CBD,  all  rapid  transit  and 
light  rail  stations  are  assumed  to  have  only  the  smaller  tributary  area, 
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to  reflect  the  fact  that  for  short  travel  distances,  a  change  of  mode  is 
rarely  in  the  passenger's  interest.    At  longer  distances,  the  time  loss 
and  inconvenience  of  a  change  in  modes  are  more  likely  to  be  offset  by  a 
faster  line-haul  trip  by  rail.    This  distance  assumption  is  conservative. 
Edmonton,  for  example,  diverts  all  local  bus  trips  to  light  rail  sta- 
tions that  are  as  close  as  2  to  3  miles  (3.2  to  4.8  km)  to  the  CBD. 
This  economizes  on  operating  costs  but  has  elicited  complaints  from 
riders  residing  near  the  CBD,  whose  trips  on  occasion  take  more  time . 

Beyond  4  miles,  all  rapid  transit  stations  are  assumed  to  have 
the  larger  tributary  area,  reflecting  considerable  reliance  on  feeder 
modes.    For  light  rail,  two  assumptions  are  used.    The  first  is  that 
only  the  terminal  station  has  the  enlarged  tributary  area.    The  second 
is  that  all  stations  beyond  4  miles  have  it.    This  results  in  six, 
rather  than  three  light  rail  configurations  being  examined. 

The  median  distances  to  stations  thus  established,  the  land 
area  within  the  median  distance  is  calculated  separately  for  the  "rail" 
and  "non-rail"  territories,  excluding  any  overlap  between  stations. 
Multiplied  by  the  population  density  at  the  appropriate  distance  from 
the  CBD  shown  in  Exhibit  3.12,  this  yields  the  population  residing 
within  the  median  access  distance.    Per  capita  trip  rates  from  the 
modified  trip  attraction  model  are  applied  to  this  population,  using  the 
appropriate  distance  from  the  CBD  and  CBD  floorspace. 

The  share  of  these  CBD-bound  trips  that  will  use  the  rail  line 
is  determined  using  the  mode  choice  models.    Within  one-half  mile  of  the 
transit  station  the  mode  choice  reflects  the  auto  ownership  levels  in 
"rapid  transit"  territory.    Beyond  one-half  mile  the  mode  choice  re- 
flects the  higher  auto  ownership  levels  of  "non-rail"  territory.  The 
diversion  rates  for  auto  owning  households  in  the  two  territories  also 
differ.    Furthermore,    a  decision  is  made  as  to  whether  the  mode  choice 
model  to  be  used  reflects  the  "high"  or  "low"  transit  use  set  of  equa- 
tions; that  designation  is  shown  in  Exhibit  3.24.    For  some  urban  areas 
both  are  tested.    For  light  rail,  the  impact  of  the  variable  in  the  mode 
choice  equations  called  "rail  presence"  is  somewhat  arbitrarily  cut  in 
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Exhibit  4.1 

Flow  Chart  for  Calculation  of  Daily  Travel  Volume  on  a  Rail  Line  in  a  Corridor 
to  a  Central  Business  District 
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RAPID  TRANSIT 


Exhibit  4.2 

Route  Length,  Station  Location  and  Type  Assumed 
for  Calculation  of  Daily  Travel  Volume  on  a  Rail  Line 
to  a  Central  Business  District 
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half.    Once  again,  this  tends  to  make  the  estimate  conservative. 

The  trips  from  the  two  "territories"  around  a  station  are  then 
combined,  multiplied  by  the  CBD  orientation  factor  (Exhibit  3.20)  and 
multiplied  by  2.0  to  include  the  half  of  all  rail  trips  excluded  so  far 
because  the  analysis  was  confined  to  the  tributary  area  within  the 
median  access  distance,  which  by  definition  is  where  only  half  the  trips 
come  from.    With  daily  one-way  CBD-bound  trips  from  each  distance 
interval  known,  daily  passenger-miles  are  obtained  by  summing  the  pas- 
senger-miles originating  at  each  interval.    Dividing  by  the  length  of 
the  line  and  multiplying  by  2.0  to  account  for  both  directions,  one  ob- 
tains daily  passenger-miles  per  line-mile. 

In  a  refinement  of  the  mode  choice  model,  the  rail  transit 
trips  estimated  are  adjusted  to  reflect  speeds  on  the  competing  highway 
network.    The  higher  of  the  two  mode  choice  estimates  in  each  case 
assumes  auto  speeds  that  are  about  5  mph  (8  km/h)  below  average  levels. 
In  this  calculation,  differences  in  both  auto  and  rail  speeds  by  trip 
distance  are  taken  into  account. 

Limitations  of  the  travel  estimates  must  be  recognized  at  this 
point.    The  per  capita  trip  rates  supplied  by  the  trip  attraction  model 
refer  only  to  trips  from  residential  origins  to  nonresidential  desti- 
nations.   They  exclude  residence-to-residence  trips  and  trips  from 
nonresidential  origins  to  nonresidential  destinations.    Purely  residen- 
tial trips  are  not  a  significant  component  of  weekday  rail  travel,  but 
nonresidence-to-nonresidence  trips  can  be  significant.    A  related,  and 
more  pertinent  breakdown  is  by  geography.    The  trips  estimated  so  far 
are  only  those  from  a  residential  area  to  a  CBD  and  back.    On  an  urban 
rail  system,  three  additional  types  of  trips  are  made: 

(1)  Trips  originating  in  a  residential  area  and  stopping  short  of  the 
CBD.    These  can  be  appreciable,  if  nonresidential  floorspace  is  located 
along  a  line  outside  the  CBD,  such  as  in  Rosslyn  and  Crystal  City  on 
Washington's  Blue  line,  or  in  Decatur  on  Atlanta's  East  line. 

(2)  Trips  originating  in  a  residential  area  and  travelling  through  the 
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CBD  in  those  cases  when  the  rail  line  serves  more  than  the  one  corridor 
discussed  so  far. 

(3)    Trips  originating  and  terminating  within  the  CBD.    Such  trips  with 
nonresidential  floorspace  at  both  ends  can  extend  to  neighboring  nonresi- 
dential clusters  as  well. 

It  should  also  be  clear  that  the  models  only  estimate  the 
diversion  of  existing  trips  and  take  no  account  of  new  trips  induced  by 
the  travel  advantages  of  a  new  facility. 

Lastly,  the  basis  of  the  travel  estimates  are  1970  population 
data  and  floorspace  estimates  of  the  late  1970s.    Neither  changes  in 
the  intervening  period  nor  future  growth  are  taken  into  account,  further 
contributing  to  the  conservative  character  of  the  estimates.    To  the 
extent  that  future  auto  travel  restraints  will  find  expression  in  re- 
duced auto  ownership  levels,  the  mode  choice  model  can  reflect  them. 
However,  if  gasoline  prices  or  shortages  change  the  mode  choice  of  auto- 
owning  households,  exogenous  corrections  will  have  to  be  introduced. 

Projections  of  future  travel  are  not  the  intent  of  this  study 
and  are  not  considered  any  further.    With  or  without  corrections,  the 
models  can  be  applied  to  any  projected  population  distribution  and  any 
projected  magnitude  of  downtown  floorspace. 

Nor  is  induced  travel  further  considered  as  such,  largely 
because  of  the  difficulties  of  measurement.    Travel  survey  respondents 
who  report  "not  making  the  trip  before,"  typically  15  percent  or  more, 
are  not  necessarily  induced  riders;  some  are  simply  people  who  had  no 
need  for  that  particular  trip  previously,  or  who  newly  moved  into  that 
area.    Survey  respondents  who  report  that  they  "would  not  make  the  trip" 
i f  the  facility  did  not  exist  are  less  numerous,  only  5  percent  in  the 
case  of  the  Washington  Metro.    How  reliable  the  answers  to  such  a 
hypothetical  question  are  is  difficult  to  say.    To  avoid  tenuous 
assumptions,  no  adjustment  for  induced  travel  is  made  here.  Taking 
account  of  trips  other  than  those  between  a  residential  corridor 
and  a  downtown  is  necessary,  however,  and  for  that  purpose  the  esti- 
mates must  first  be  compared  to  actual  travel  data. 
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Validating  the  travel  estimates.    Since  the  estimates  were 

made  in  1978,  actual  travel  data  became  available  for  two  of  the  cities, 

2 

namely  Washington  and  Atlanta,    and  the  relevant  comparisons  are  shown 
in  Exhibit  4.3.    The  models  fit  the  Washington  area  remarkably  well, 
estimating  existing  average  corridor  trips  to  the  CBD  and  average  trip 
length  almost  exactly,  particularly  if  an  interpolation  is  made  to 
reflect  the  actual,  rather  than  assumed  line  length.    With  service  in 
existence  as  of  September  1979,  however,  it  is  not  possible  to  compare 
the  estimates  to  actual  trips  originating  in  the  densest  corridor  which 
the  models  are  meant  to  measure.    These,  most  likely,  would  be  under- 
stated by  10  to  15  percent  or  more. 

In  Atlanta,  the  average  corridor  trips  to  the  CBD  are  esti- 
mated closely  for  a  point  in  time  immediately  after  inauguration  of  full 
first  phase  service,  but  fall  considerably  short  of  actual  traffic  half 
a  year  later.    The  reason  is  a  large  understatement  of  trips  at  the  two 
outer  terminals,  which  in  fact  account  for  half  of  all  station  boardings 
outside  the  CBD  of  Atlanta.    With  exceptionally  heavy  reliance  on  feeder 
buses,  the  tributary  area  of  the  terminal  stations  is  much  larger  than 
assumed.    In  effect,  Atlanta,  with  5.9  mile  average  radial  lines,  has 
what  amounts  to  9-mile  radial  lines.    Estimates  made  on  that  basis 
reflect  both  passenger  trips  and  average  trip  length  much  more  closely, 
especially  if  one  subtracts  those  passengers  who  continued  to  the  CBD  by 
bus  until  their  bus  routes  were  short-turned  at  rail  stations.  Still, 
the  understatement  would  be  greater,  if  travel  data  from  the  densest 
corridor  (not  in  service  in  1980)  were  available. 

Based  on  the  Washington  and  Atlanta  experience  one  can  con- 
clude that  the  travel  estimates  presented  are  conservative  and  may 
represent,  for  practical  purposes,  close  to  the  average,  rather  than 
the  densest  corridor  in  a  city.    To  repeat,  they  only  represent  trips 
between  a  residential  corridor  and  a  Central  Business  District.  Estimates 
of  traffic  density  in  passenger-miles  per  line-mile  remain  incomplete 
without  considering  the  other  types  of  trips. 

An  accurate  estimate  of  trips  and  passenger-miles  originating 
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Exhibit  4.3 

Comparison  of  Actual  and  Estimated  Travel  to  Two  Central  Business  Districts 


Radial  line  length  Rail  trip  length  CBD  rail  trip  destina- 

(miles)  (miles)  tions  per  corridor 

Actual  Assumed  Actual  Estimated  Actual  Estimated 


Washington,  Sept.  1979 


Average,  3  corridors             10.3                     9.0                  4.89                4.58  32,646  31,600 

(10.3)                                   (4.83  int.)  (32,800  int.) 

(100.5%) 

Atlanta,  Jan.  1980 

Average,  2  corridors              5.9                     5.5                4.2(e)             3.58  9,450  10,000 
Atlanta,  June  1980 

Average,  2  corridors              5.9                     (5.9)                4.2(e)            (3.71  int.)  14,380  (10,000  int.) 

Without  short-turning                                     (5.9)                                    (3.71  int.)  12,040  (10,300  int.) 

of  bus  routes 

Assuming  9-mile  line                                       9.0                                       4.66  12,500 

(85.5  to  103%) 

(int.)  =  interpolated  between  the  lower  and  the  next  higher  line  length  assumptions. 

(e)  =  estimated;  origin-destination  data  for  Atlanta  not  available;  CBD  destinations  based  on  CBD  station  counts. 


Exhibit  4.4 

Origin-Destination  Patterns  of  Rapid  Transit  Trips  on  Selected  Systems 


Trips  from 
residential 
corridor  to 
CBD  and  back 

Trips  from 
residential 
corridor 
short  of 
CBD  and  back 

Trips  from 
residential 
corridor 
through 
CBD  and  back 

Trips 
internal 
to  the 
CBD 

(as  percent  of  total  station  boardings) 

Washington  WMATA 

(1979) 

73.9 

6.4 

5.5 

14.2  (5.2) 

San  Francisco  BART 

(1977) 

70.2  (74.4) 

10.5  (6.5) 

7.6  (12.9) 

11.7  (6.2)* 

Toronto  TTC 

(1975) 

53.8 

24.0 

12.7 

9.5 

Atlanta  MARTA 

(1980) 

75.4 

23.1 

1.5 

Cleveland  GCRTA 

(1976) 

69.6 

30.4 

none 

Philadelphia  PATCO 

(1976) 

87.2 

12.8 

negligible 

negligible 

New  York  SIRT 

(1976) 

74.7 

25.3 

none 

none 

Edmonton  ETS 

(1979) 

95.1 

4.9 

none 

negligible 

*  CBD  on  BART  includes  both  Oakland  and  San  Francisco  downtowns;  trips  between  them  are  counted  here  as  internal. 
Figures  in  parentheses  indicate  percent  of  passenger-miles,  where  available. 
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in  a  residential  corridor  but  stopping  short  of  the  CBD,  going  through 
the  CBD,  and  internal  to  the  CBD  can  only  be  made  with  site-specific 
origin-destination  data.    An  overview  of  such  data  from  existing  systems 
can  give  a  general  impression  of  the  magnitude  of  such  travel.    This  is 
shown  in  Exhibit  4.4,  which  indicates  that  these  types  of  trips  can 
easily  add  one-third  to  the  trips  with  one  end  in  the  CBD.    Much  depends 
on  the  layout  of  the  rail  system  and  on  the  structure  of  the  urban  area. 

If  the  rail  system  consists  of  only  one  radial  line  to  the 
CBD,  the  addition  of  trips  stopping  short  of  the  CBD  is  likely  to  expand 
trips  by  a  factor  anywhere  from  1.05  to  1.45,  compared  to  trips  with  one 
end  in  the  CBD  only.    The  increment  of  passenger-miles  travelled  will  be 
smaller,  because  the  added  trips  are  necessarily  shorter.    The  propor- 
tion of  the  added  trips  depends  on  the  length  of  the  line,  the  presence 
of  intervening  non-residential  land  use,  and  the  habit  of  making  short 
non-CBD  trips  by  transit,  which  is  clearly  high  in  Toronto  and  low  in 
Washington. 

If  the  rail  system  consists  of  at  least  two  radial  lines,  the 
addition  of  trips  passing  through  the  CBD  will  expand  the  trips  to  and 
from  the  CBD  by  an  additional  1.07  to  1.24  times,  based  on  the  data  in 
Exhibit  4.4.    This  range  largely  depends  on  the  length  of  the  line  and 
the  nonresidential  opportunities  that  lie  beyond  the  CBD.    The  increment 
in  passenger-miles  travelled  will  be  greater  than  that,  because  the 
trips  will  necessarily  be  longer. 

Lastly,  the  internal  CBD  trips  depend  on  the  areal  extent  of 
the  downtown,  the  number  of  stations  in  it,  and  downtown  floorspace. 
While  such  trips  can  contribute  noticeably  to  the  social  usefulness  of 
a  rail  system  and  to  its  revenues,  they  do  not  add  much  to  the  passenger 
miles  travelled,  because  the  trips  are  short.    In  Washington  in  1979, 
the  14.2  percent  of  all  rail  transit  trips  that  was  internal  to  the  CBD 
translated  into  only  5.2  percent  of  rail  passenger-miles. 

In  sum,  with  one  radial  rail  line  in  a  corridor,  the  passenger 
miles  travelled  to  and  from  the  CBD  can  be  raised  some  3  to  15  percent 
to  account  for  trips  stopping  short  of  the  CBD.    This  adjustment  is  not 
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made  in  the  analysis  that  follows.    For  a  rail  line  passing  through  the 
CBD,  another  10  to  20  percent  can  be  added  for  through  trips.  This 
adjustment  is  discussed,  where  appropriate.    With  these  considerations 
in  mind,  one  can  turn  to  comparing  the  estimated  travel  to  and  from  the 
CBD  with  threshold  criteria  for  rapid  transit  and  light  rail. 

2.    Rapid  Transit 

To  compare  potential  rail  travel  to  the  threshold  criteria 
presented  in  Chapter  II,  rapid  transit  corridors  are  examined  in  16 
cities,  and  light  rail  corridors,  in  24  cities.    Only  one  line  extending 
in  one  direction  from  the  CBD  is  tested  in  most  cases,  consistent  with 
recent  practice  of  starting  "operable  segments"  rather  than  entire  rail 
systems.    The  feasibility  of  additional  lines  is  discussed  later.  The 
urban  areas  selected  for  rapid  transit  analysis  are  mostly  those  with 
more  than  30  million  square  feet  of  downtown  floorspace  plus  Honolulu, 
which  has  been  considering  rapid  transit.    The  results  are  presented  in 
Exhibit  4.5  graphically  and  in  Exhibit  4.9  in  tabular  form.    In  the 
graphs,  route  length  is  plotted  against  the  estimated  daily  downtown 
travel  in  passenger-miles  per  line-mile  for  each  urban  area.    At  least 
two  travel  estimates  are  given  in  each  case,  one  representing  lower,  one 
higher  auto  speeds  on  the  competing  highway  network.    If  there  is  some 
question  whether  in  a  particular  urban  area  the  "high  transit  use"  or 
the  "low  transit  use"  mode  choice  model  is  appropriate,  both  results 
are  shown;  the  model  used  is  indicated  by  the  letters  "H"  or  "L".  The 
more  likely  set  of  curves  is  shown  with  heavy  lines.    The  quality  of  the 
underlying  population  and  floorspace  data  is  indicated  by  letters  A 
through  D,  following  Exhibits  3.12  and  3.13  earlier. 

The  curves  are  drawn  based  on  travel  volume  estimates  for  each 
of  the  three  line  lengths  tested  and  allow  one  to  interpolate  probable 
usage  for  intermediate  line  lengths.    The  slopes  of  the  curves  reflect 
patterns  of  population  distribution.    Urban  areas  with  a  tight  settle- 
ment pattern  around  a  downtown  tend  to  exhibit  a  downward  slope,  because 
extending  a  route  adds  relatively  few  additional  passengers;  Baltimore 
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and  Honolulu  are  typical  examples.    Urban  areas  with  a  more  even  set- 
tlement pattern  have  curves  close  to  the  horizontal,  as  for  example 
Detroit,  where  a  5-mile  (8  km)  and  a  15-mile  (24  km)  line  attract  vir- 
tually the  same  average  passenger  volume  per  line-mile. 

Drawn  horizontally  across  the  graphs  in  Exhibit  4.5  are 
dashed  lines  representing  the  rapid  transit  threshold  volumes  defined 
earlier  in  Chapter  II.    To  recapitulate  briefly,  these  are: 

RT-1  Rapid  transit  above  ground  with  15,000  daily  passenger- 
miles  or  18  million  annual  place-miles  per  line-mile  is  in  scale  with 
prevailing  minimum  service  frequency,  allows  a  construction  expenditure 
of  about  $18  million  a  mile  in  1977  prices  at  the  median  investment 
level,  saves  land  compared  to  freeways,  saves  labor  compared  to  local 
buses,  and  can  attain  modest  savings  in  energy. 

RT-2  Rapid  transit  up  to  one-third  in  tunnel  with  24,000  daily 
passenger-miles  or  29  million  annual  place-miles  per  line-mile  offers 
more  than  minimum  service  frequency,  allows  a  construction  expenditure 
of  about  $30  million  a  mile  in  1977  prices  at  the  median  investment 
level,  saves  land  compared  to  freeways,  can  save  labor  compared  to 
express  buses  on  busways  and  attain  savings  in  energy. 

Relaxing  the  median  investment  level  of  $1,250  per  weekday 
passenger-mile  in  1977  prices  to  the  75th  percentile  level  of  $1,800 
lowers  the  volume  necessary  for  this  type  of  construction  to  about 
17,000  daily  passenger-miles  or  20  million  annual  place-miles  per  line- 
mile;  however,  both  labor  savings  compared  to  express  buses  and  energy 
savings  become  problematic.    This  modified  middle  threshold  is  not  shown 
in  the  charts  but  is  referred  to  in  the  text  on  two  occasions. 

RT-3  Rapid  transit  fully  in  tunnel  with  29,000  daily  passen- 
ger-miles or  35  million  annual  place-miles  per  line-mile  offers  good 
service  frequency,  allows  a  construction  expenditure  of  $52  million  a 
mile  in  1977  prices  with  the  relaxed  75th  percentile  investment  level 
(assuming  some  non-transportation  benefits  of  tunnels),  can  save  labor 
compared  to  express  buses  on  busways  and  can  begin  to  attain  energy 
savings  under  some  conditions. 
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The  16  urban  areas  examined  fall  into  a  somewhat  loose  con- 
tinuum with  respect  to  reaching  these  rapid  transit  threshold  volumes. 

Washington  stands  out,    exceeding  the  upper,  all-tunnel  rapid 
transit  criterion  for  line  lengths  of  10  to  15  miles  (16  to  24  km, 
depending  on  competing  auto  speeds),  even  though  tunnels  for  only  about 
half  the  route  length  are  actually  planned.    However,  the  line  length 
which  maximizes  passenger  volume  per  line-mile  might  be  in  the  7  to  10 
mile  (11  to  16  km)  range,  shorter  than  the  14.4  miles  (23.2km)  average 
planned.    It  is  generally  recognized  that  maximizing  passenger  use  per 
line-mile  was  not  among  the  goals  of  planning  Washington's  outer  sub- 
urban extensions.    Considerations  of  not  disturbing  existing  communities 
with  terminal  stations  and  of  providing  for  future  growth  dominated. 
Because  population  distribution  among  corridors  in  Washington  is  rela- 
tively even,  the  estimates  shown  should  be  fairly  representative  of  a 
number  of  corridors  and  not  only  the  densest  corridor;  comparisons  with 
actual  ridership  given  earlier  indicate  that  such  is  indeed  the  case. 
Overall,  the  full  seven-leg  101-mile  (163km)  system  under  construction 
appears  to  be  in  scale  with  the  criteria  advanced  here.  Additional 
proposed  above-ground  extensions  would  have  to  attain  about  half  the 
passenger  volume  attained  on  the  one-third  of  the  system  in  operation  in 
1979  to  meet  the  low,  above-ground  rapid  transit  threshold. 

Los  Angeles  exceeds  the  upper,  all-tunnel  criterion  for  a  line 
over  15  miles  (24  km)  long  in  the  densest  corridor.    The  likely  pas- 
senger volume  there  is  similar  to  Washington's,  and  it  is  for  the 
densest  corridor  along  Wilshire  Boulevard  that  an  18-mile  (29km)  rapid 
transit  line,  mostly  in  tunnel,  is  under  design.    Separate  exploratory 
calculations  suggest  that  westerly  extensions  to  this  line  in  a  tunnel 
to  Westwood  and  in  a  rail  right-of-way  to  Van  Nuys  would  add  enough 
travel  to  keep  a  28-mile  system  above  the  upper  rapid  transit  threshold, 
at  30,000  passenger-miles  per  line-mile.    However,  estimated  travel  on 
the  El  Monte  busway  converted  to  rail  would  be  only  about  12,000  pas- 
senger-miles per  line-mile,  not  quite  meeting  the  low  above  ground 
threshold  volume.    A  southerly  Harbor  Freeway  route  would  have  a  volume 
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between  these  two  values,  as  seen  in  Exhibit  4.g.    Because  the  non-CBD 
component  of  trips  stopping  short  and  travelling  through  downtown  should 
be  particularly  high  in  Los  Angeles,  where  a  string  of  nonresidential 
clusters  with  at  least  one-third  as  much  floorspace  as  the  CBD  itself 
extends  from  Westwood  to  downtown  along  the  Wil shire  corridor,  both  the 
El  Monte  route  and  the  Harbor  Freeway  route  appear  reasonable  given  this 
additional  traffic.    The  former  would  be  strictly  above  ground  with 
minimal  construction  costs,  while  the  latter  could  justify  some  tunneling 
in  downtown  Los  Angeles  and  Long  Beach.    A  northerly  route  to  Pasadena 
was  tested  but  fell  about  50  percent  short  of  the  volume  needed  for  an 
above-ground  rapid  transit  line.    It  would  be  suitable  for  light  rail. 

Seattle  follows  Los  Angeles  as  a  candidate  for  rapid  transit. 
Its  highest  corridor  volume  never  reaches  the  high  all-tunnel  threshold, 
but  lines  one-third  in  tunnel  appear  reasonable  for  a  distance  of  5  to 
9  miles  (8  to  15  km)  from  the  CBD,  basically  in  a  north-south  direction. 
This  is  similar  in  scale  to  the  original  20-mile  (32  km)  Seattle  plan  of 
1967.    A  separate  consideration  in  Seattle  is  an  easterly  leg  across 
Lake  Washington,  where  transit  use  would  be  enhanced  if  highway  bridge 
capacity  across  the  lake  were  constrained.    No  volume  estimate  is 
attempted  for  this  strictly  site-specific  condition  which  strongly 
affects  any  rail  transit  plans  for  Seattle. 

Honol ulu  comes  next,  with  a  5-mile  (8  km)  line  just  about 
meeting  the  middle  threshold  of  rapid  transit  one-third  in  tunnel,  and 
a  10-mile  (11  km)  line  exceeding  the  lower,  fully  above-ground  criterion. 
Because  of  topography,  only  two  such  lines  radiating  from  the  downtown 
are  at  issue,  with  a  total  length  in  scale  with  extant  proposals  for  a 
14-  to  23-mile  system. 

The  urban  areas  of  Houston,  Detroit  and  Dallas  follow.  All 
three  are  characterized  by  relatively  low  levels  of  current  transit  use. 
Therefore,  alternative  calculations  of  potential  travel  volume  assuming 
both  low  and  high  transit  use  levels  are  made.    The  lower  estimate  of 
daily  rapid  transit  travel  exceeds  only  the  low  above-ground  rapid  transit 
criterion  for  lines  6  to  15  miles  (10  to  16  km)  in  length  in  all  three 
cases.    If  the  estimate  is  raised  to  allow  for  greater  transit 
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orientation  in  the  future,  Houston  exceeds  the  middle  criterion  for  a 
line  one-third  in  tunnel  under  the  assumption  of  reduced  auto  speeds; 
the  other  two  cities  barely  reach  it.    Houston  and  Detroit  have  rela- 
tively even  travel  distributions  by  corridor  as  shown  by  local  origin- 
destination  studies;  these  indicate  that  possibly  four  lines  would  meet 
the  criteria  in  Houston,  and  three  in  Detroit.    In  Dallas,  the  distribu- 
tion is  more  skewed,  and  the  feasibility  of  more  than  one,  or  at  most 
two  spokes  from  the  CBD  is  not  indicated. 

Baltimore  and  Miami  come  next,  both  with  rapid  transit  under 
construction.    Both  exceed  the  low,  above-ground  rapid  transit  threshold 
for  line  lengths  of  13  to  15  miles  (21  to  24  km).    Miami,  in  fact,  is 
building  two  legs  of  10  miles  (16  km)  each,  fully  above  ground.  Balti- 
more's 13-mile  (21  km)  Northwest  line  also  matches  the  length  indicated 
by  the  criteria,  but  one-third  of  it  is  in  tunnel.    The  middle  rapid 
transit  criterion  with  the  capital  investment  requirement  relaxed  to 
allow  the  75th  percentile  construction  expenditure  would  match  Balti- 
more's Northwest  line  more  closely. 

Pittsburgh  and  Atlanta  follow,  with  estimated  travel  volumes 
not  quite  reaching  the  low,  above-ground  rapid  transit  criterion. 
Pittsburgh  after  two  decades  of  controversy  settled  on  a  combination  of 
light  rail  with  a  short  downtown  tunnel,  to  be  discussed  shortly,  and 
two  exclusive  busways,  while  Atlanta  built  a  rapid  transit  system. 
Atlanta's  actual  volume  on  the  East-West  line  in  1980,  including  only 
CBD  oriented  trips,  was  not  13,000  as  indicated  in  the  charts,  but  an 
estimated  20,500  daily  passenger^mi les  per  line-mile.    This  still  does 
not  meet  the  middle  rapid  transit  criterion  for  a  rapid  transit  line 
one-third  in  tunnel,  which  is  what  Atlanta's  Phase  I  system  provides. 
It  comfortably  meets  the  modified  middle  criterion,  which  allows  higher 
capital  expenditure.    In  this  respect,  Atlanta's  position  is  similar  to 
that  of  the  relatively  high-cost  Baltimore  system.    As  explained  ear- 
lier, the  excess  of  the  actual  over  the  estimated  downtown  travel  volume 
comes  from  not  considering  unusually  heavy  bus  diversion  to  rail  at 
terminal  stations  and  from  a  resulting  under-estimate  of  average  trip 
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length.    The  option  of  heavy  bus  diversion  to  terminal  stations  is 
available  (if  often  to  a  lesser  degree)  to  many  urban  areas  and  could 
enhance  their  prospects  for  rapid  transit  compared  to  the  levels  shown 
here . 

St.  Louis  either  follows  or  precedes  Pittsburgh  and  Atlanta, 
depending  on  which  of  the  four  travel  estimates  calculated  for  it  one 
chooses.    Assuming  low  auto  speeds  and  low  region-wide  transit  use,  the 
above  ground  rapid  transit  threshold  is  almost  met  for  a  line  of  some  9 
miles  (15  km);  at  higher  competing  auto  speeds,  that  threshold  is  never 
reached.    Assuming  high  region-wide  transit  use,  the  low,  above-ground 
rapid  transit  threshold  is  exceeded  for  any  of  the  line  lengths  inves- 
tigated; the  suitability  of  only  an  above-ground  line  for  downtown  St. 
Louis  can  obviously  be  questioned.    A  local  alternatives  analysis  decided 
on  a  bus-only  system  for  the  St.  Louis  area  for  the  next  10  to  15  years. 3 

Lastly,  Mi lwaukee,  Minneapolis,  Buffalo  and  Denver  do  not 
reach  the  travel  volume  postulated  for  even  an  above-ground  rapid  transit 
line  under  any  assumptions  of  line  length,  auto  speed,  or  transit  use 
and  do  not  appear  to  be  likely  candidates  for  rapid  transit.  Attainment 
of  bus  diversion  to  terminal  stations  on  the  scale  of  Atlanta  is  un- 
likely because  their  prospective  travel  volumes  drop  off  more  sharply 
with  distance  from  the  CBD.    If  one  assumes  that  the  travel  volume 
estimates  could  be  raised  40  percent  with  large-scale  bus  diversions  to 
rail  terminals,  only  Milwaukee  and  Minneapolis  begin  to  exceed  the 
threshold  for  an  above-ground  rapid  transit  line;  any  tunneling  downtown 
would  have  to  be  on  a  small  scale  or  require  relaxing  the  capital  in- 
vestment criterion. 

3.    Light  Rail 

The  24  urban  areas  selected  for  light  rail  analysis  are  all 
those  discussed  previously  in  Chapter  III  with  the  exception  of  Wash- 
ington, Los  Angeles,  Baltimore,  Miami  and  Atlanta,  which  are  committed 
to  rapid  transit.    The  data  is  presented  in  Exhibits  4.6  and  4.10 
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analogously  to  that  for  rapid  transit,  with  the  exception  that  two 
distinct  sets  of  assumptions  are  made  concerning  access  to  stations: 
with  and  without  feeder  modes,  as  shown  in  Exhibit  4.2.    The  median 
access  distance  for  feeder  modes  to  light  rail  is  the  same  as  to  rapid 
transit,  and  may  equally  understate  the  maximum  possible  diversion  of 
bus  trips.    Still,  the  difference  in  relying  primarily  on  pedestrian 
access  compared  to  predominant  access  by  feeder  modes  illustrates  the 
importance  of  a  restructured  bus  system  and  of  park-and-ride  facilities. 

Drawn  horizontally  across  the  graphs  in  Exhibit  4.6  are 
dashed  lines  representing  the  light  rail  threshold  volumes  defined 
earlier  in  Chapter  II  as  follows: 

LR  -  1 .     A  very  low-capital  light  rail  line  near  grade  with 
4,000  weekday  passenger-miles  or  5  million  annual  place-miles  per  line- 
mile  is  in  scale  with  prevailing  minimum  service  frequency,  allows  a 
construction  expenditure  of  $5  million  a  mile  in  1977  prices,  offers 
minor  labor  savings  compared  to  local  buses  but  offers  no  energy  savings 
and  no  savings  in  land  compared  to  a  local  arterial  street.    Its  major 
jusitification  would  have  to  be  in  terms  of  travel  speed  and  convenience. 

LR  -  2.     A  light  rail  line  with  considerable  grade-separation 
but  no  tunnels  with  7,200  weekday  passenger-miles  or  9  million  annual 
place-miles  per  line-mile  allows  a  construction  expenditure  of  $9  mil- 
lion a  mile  in  1977  prices,  begins  to  offer  labor  savings  compared  to 
buses  operating  at  the  same  speed,  uses  land  during  the  peak  period  more 
efficiently  than  a  local  arterial,  and  begins  to  offer  energy  savings. 

LR  -  3.     A  light  rail  line  with  1/5  of  the  route  in  tunnel 
with  13,600  weekday  passenger-miles  or  16  million  annual  place-miles  per 
line-mile  allows  a  construction  expenditure  of  $17  million  a  mile  in 
1977  prices,  offers  labor  savings  compared  to  buses  operating  at  the 
same  speed,  energy  savings  compared  to  modes  previously  used,  and  uses 
land  during  the  peak  period  more  efficiently  than  a  freeway  lane. 

The  24  urban  areas  examined  fall  into  four  distinct  groups 
with  respect  to  reaching  these  light  rail  threshold  volumes. 
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Seattle,  Detroi t,  Honol ul  u,  Houston,  Dallas ,  St.  Louis, 
Pittsburgh  and  Milwaukee,  roughly  in  that  order,  exceed  the  high  thresh- 
hold  volume  necessary  to  support  a  light  rail  line  built  to  high  stand- 
ards with  1/5  in  tunnel  for  distances  of  9  miles  (14.5km)  and  usually 
more;  only  in  Milwaukee  is  a  somewhat  shorter  line  indicated.  However, 
only  in  Seattle,  Detroit,  Honolulu,  Houston  and  possibly  Dallas  can 
such  lines  be  supported  predominantly  by  walk-in  traffic  and  still  meet 
this  criterion  ,  usually  for  a  shorter  line  distance.    In  the 

other  cities,  a  greater  level  of  integration  with  feeder  systems  must  be 
assumed.  Among  these  cities,  only  Detroit  and  Pittsburgh  were  committed 
to  light  rail  in  1980;  both  projects  do  include  tunnels. 

Minneapolis -St.  Paul,  Buffalo,  San  Diego,  Indianapolis, 
Portland,  Louisville,  Cincinnati  and  possibly  Denver,  exceed  the  middle 
threshold  volume  necessary  to  support  light  rail  lines  with  considerable 
grade-separation,  but  no  tunnels.    Except  for  Minneapolis-  St.  Paul  and 
perhaps  Buffalo,  such  lines  cannot  be  supported  with  walk-in  traffic  and 
must  assume  a  larger  integration  with  feeder  services. 

Among  these  cities,  Buffalo,  Portland  and  San  Diego  had  light 
rail  systems  under  construction  or  committed  in  1980.    The  Buffalo 
system  includes  6.4  miles  (10.3  km)  of  tunnel,  which  is  certainly  much 
more  than  its  anticipated  travel  volume  can  support,  given  the  criteria 
advanced  here.    The  tunnel  option  was  chosen  in  Buffalo  in  preference  to 
an  elevated  structure  as  a  result  of  strong  community  pressure.  Poli- 
tically, the  choice  was  an  expensive  line--or  no  line  at  all,  because 
the  densest  corridor  lacked  other  suitable  right-of-way, 

Portland's  Banfield  Corridor  project  does  not  include  any 
underground  construction,  and  is  in  scale  with  the  criteria.    The  slope 
of  the  travel  volume  curve  with  feeder  services  indicates  that  to  attain 
maximum  travel  volume,  a  light  rail  line  in  Portland  would  have  to  be 
more  than  9  miles  (14.5  km)  long;  in  fact,  a  14.4  mile  (23  km)  line  is 
under  design.    Because  of  the  difference  in  length,  travel  estimates 
presented  here  for  Portland  are  not  directly  comparable  to  those  developed 
locally;  still,  the  local  projection  is  1.9  times  greater  than  that 
shown  here.    As  in  Atlanta,  extensive  bus  diversion  and  the  inclusion 
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of  non-CBD  oriented  trips  accounts  for  much  of  the  difference.  The  San 
Diego  project  --  fully  funded  from  local  sources  --  is  more  modest  than 
would  be  allowed  by  the  criteria  here.    Strict  comparability,  again,  is 
difficult,  because  Exhibit  4.6  merely  suggests  a  line  more  than  9  miles 
(14.5  km)  long;  the  actual  line  is  15.9  miles  (25.6  km),  with  a  somewhat 
shorter  second  leg  envisaged.    Lastly,  Denver  is  planning  a  15.8  mi 
(25.4  km)  light  rail  line  on  an  existing  right-of-way.    This  would  be  in 
scale  with  the  criteria  advanced,  while  Denver's  earlier  proposal  for 
full-scale  rapid  transit,  rejected  by  UMTA,  would  definitely  not. 

Columbus,  Kansas  City,  and  New  Orleans  have  estimated  travel 
volumes  which  exceed  the  lowest  light  rail  threshold  but  do  not  quite  -- 
except  for  Kansas  City  under  the  assumption  of  high  transit  use  --  reach 
the  middle  threshold.    The  lowest  threshold  does  not  provide  a  strong 
justification  for  building  light  rail  unless  exceptional  local  right-of- 
way  opportunities  for  high-speed  service  or  other  special  circumstances 
exist.    Among  these  cities,  New  Orleans  has  a  surviving  streetcar  line 
in  a  landscaped  median  on  St.  Charles  Avenue;  its  passenger  volume  per 
line-mile  is  1.8  times  greater  than  that  estimated  here  for  a  comparable 
length  of  the  line  and  of  the  average  trip,  mostly  because  of  non-CBD 
oriented  trips  and  of  the  very  high  transit  riding  habit  in  New  Orleans. 

Lastly,  Phoenix,  San  Antonio,  Dayton,  Providence  and  Tampa- 
St.  Petersburg  have  estimated  travel  volumes  which  fall  below  the  lowest 
light  rail  threshold.    Even  doubling  these  volumes  provides  little 
justification  for  light  rail. 

The  possibility  of  more  than  one  line  is  not  evaluated  for 
light  rail  by  city.    Generally  speaking,  if  travel  through  the  CBD  adds 
10  to  20  percent  to  the  CBD-oriented  travel  alone  (which  is  the  only 
travel  shown  for  the  different  cities)  and  if  the  first  leg  just  meets  a 
threshold  volume,  then  a  second  leg  on  the  opposite  side  of  the  CBD 
needs  only  82  to  67  percent  of  the  first  leg's  traffic  for  both  legs 
combined  to  meet  the  threshold  volume.    Origin-destination  data  for 
transit  trips  in  15  urban  areas  indicate  that  the  higher  percentage, 
which  assumes  10  percent  of  through  traffic,  is  exceeded  by  the  second 
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corridor  in  60  percent  of  the  cases;  the  lower  percentage,  which  assumes 
extensive  through  traffic  (20  percent),  is  exceeded  in  80  percent  of  the 
cases.    On  the  average,  adding  through  traffic,  the  second  corridor  is 
likely  to  meet  the  criteria  in  about  70  percent  of  the  cases,  the  third, 
in  30  percent  of  the  cases,  and  the  fourth,  in  15  percent  of  the  cases, 
if  the  first  corridor  just  meets  the  criteria.    If  it  exceeds  the  criteri 
the  probability  of  more  than  one  line  becomes  accordingly  greater.  Of 
course,  especially  in  the  case  of  light  rail ,  the  probability  of  several 
lines  is  conjectural  in  the  absence  of  site-specific  data  because  it 
depends  so  much  on  the  location  of  existing  rights-of-way. 

The  possiblity  of  branches    feeding  one  entry  point  into  the 
CBD  is  another  issue  worth  mentioning  in  the  context  of  light  rail.  In 
the  analytical  framework  used  here,  a  branch  adds  to  the  tributary  area 
within  "rail  territory,"  where  mode  choice  relationships  different  from 
those  in  the  "non-rail  territory"  apply.    Thus,  a  corridor  ring  with  two 
branches  will  appear  to  have  roughly  twice  the  passenger  volume  of  that 
with  one  branch,  if  a  similar  residential  area  is  traversed.    In  real 
life,  this  effect  will  be  moderated  because  the  undefined  outer  tribu- 
tary areas  of  the  two  lines  --  those  beyond  the  median  access  distance  -- 
will  tend  to  overlap,  even  if  the  diamonds  shown  in  Exhibit  4.2  do  not. 
Therefore,  the  actual  travel  produced  by  two  lines  will  be  less  than 
twice  that  produced  by  one  line,  especially  if  feeder  modes  are  heavily 
relied  upon.    Generally,  the  attractiveness  of  a  branch  increases  the 
less  its  tributary  area  is  competitive  with  that  of  the  other  branch  for 
topographic  reasons  or  otherwise. 

All  of  these  issues  are  a  proper  subject  for  site-specific 
alternatives  analysis.    For  the  purposes  here,  Exhibits  4.5  and  4.6  have 
singled  out  the  most  likely  candidate  cities  for  rapid  transit  and  light 
rail,  worthy  of  such  an  analysis,  and  indicated  the  approximate  extent 
of  possible  "starter  lines." 
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The  findings  are  limited  to  the  29  urban  areas  studied.  Based 
purely  on  population  (the  more  relevant  downtown  floorspace  data  are  not 
systematically  available)  there  are  at  least  20  urban  areas  in  the  U.S. 
that  are  smaller  than  most  considered  so  far,  but  larger  than  Honolulu, 
Edmonton  and  Fort  Worth    the  first  of  which  is  deemed  here  capable  of 
supporting  rapid  transit,  the  second  of  which  is  developing  a  light  rail 
network  with  a  2-mile  (3.2km)  tunnel  downtown,  and  the  third  of  which 
has  a  one-mile  streetcar  subway  that  acts  as  a  "downtown  peoplemover. " 
These  20  "in-between"  cities  range  from  San  Juan,  Norfolk,  Memphis, 
Sacramento  and  Rochester,  through  Hartford  and  Albany,  to  Richmond  and 
Nashville.    Insofar  as  they  have  large  Central  Business  Districts  and 
conveniently  located  rights-of-way,  it  is  possible  that  additional 
candidates  for  light  rail  among  them  could  be  found. 

4.    Peoplemovers  in  Downtowns 

To  examine  whether  a  peoplemover  is  a  reasonable  means  to  meet 

the  circulation  needs  in  a  downtown,  assumed  travel  volumes  by  downtown 

4 

size  developed  in  a  companion  study    are  compared  to  the  threshold 
criteria  defined  in  Chapter  II.    The  comparisons  are  shown  in  Exhibit 
4.7. 

Three  illustrative  sets  of  assumptions  about  the  travel  markets 
served  by  the  peoplemover  are  pursued  here.    Option  A  assumes  that  only 
internal  CBD  trips  are  diverted.    Option  B  includes  the  internal  trips 
and  adds  some  diversion  from  about  one-quarter  of  all  auto  users  and 
one-quarter  of  all  transit  users  assumed  to  arrive  at  the  downtown 
fringe.    Option  C  includes  the  internal  trips,  adds  some  diversion  from 
among  one-quarter  of  all  auto  users  assumed  to  arrive  at  the  downtown 
fringe,  and  some  from  among  all  the  transit  users  who  are  assumed  to 
arrive  at  the  downtown  center.    In  essence,  option  A  describes  a  minimum 
condition;  option  B  describes  close  to  the  maximum  condition  for  a 
downtown  typically  served  by  buses;  option  C  describes  close  to  the 
maximum  condition  for  a  downtown  with  rapid  transit,  or  with  buses  that 
are  not  short-turned  to  feed  the  DPM. 
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As  indicated  in  Chapter  III,  potential  DPM  travel  is  influ- 
enced by  the  area!  extent  of  a  downtown  and  by  the  distribution  of 
activities  within  it.    To  illustrate  this,  two  CBD  land  areas  are 
chosen:    1  square  mile  (2.59  km2)  and  1.5  square  miles  (3.89  km2). 
Within  each  of  these  areas,  two  distributions  of  floorspace  are  assumed: 
a  spread  one,  following  the  lower  curve  in  Exhibit  3.14  earlier,  and  a 
concentrated  one,  following  the  upper  curve.    Total  nonresidential 
floorspace  in  the  CBD  Is  taken  to  range  from  10  to  100  million  square 
feet  (0.929  to  9.29  million  m2).    It  should  be  noted  that  downtowns  with 
more  than  50  million  square  feet  (4.65  million  m2)  are  generally  not 
confined  to  a  square  mile;  however,  over  160  million  square  feet  of 
nonresidential  floorspace  can  be  found  in  one  square  mile  in  Midtown 
Manhattan,  and  about  four-fifths  of  that  amount  in  a  half  square  mile  in 
lower  Manhattan. 

Travel  estimates  by  CBD  size  for  each  of  these  four  CBD  types 
are  shown  for  downtown  peoplemovers  assumed  to  serve  the  travel  markets 
defined  as  options  A,  B,  and  C.  These  travel  estimates  vary  depending 
on  the  peoplemover  configuration,  such  as  line  length  and  the  number  of 
stations.  For  each  combination  of  CBD  land  area  and  floorspace  distri- 
bution, only  the  option  which  produced  the  highest  travel  volume  of  the 
configuration  tested  is  shown.  This  is  indicated  at  the  bottom  of  each 
graph  in  Exhibit  4.7  for  each  of  the  three  travel  market  assumptions. 

Drawn  horizontally  across  the  graphs  in  Exhibit  4.7  are  dashed 
lines  representing  the  downtown  peoplemover  threshold  volumes  defined 
here,  following  the  discussion  in  Chapter  II,  as  follows: 

DPM  1:       A  low-capital  peoplemover  guideway*  with  about  5,000 
weekday  passenger-miles,  or  6  million  annual  place-miles  per  line-mile, 
allows  a  construction  expenditure  of  roughly  $6  million  a  mile  in  1977 


*Such  guideways  were  not  in  operation  in  the  tinted  States  as  of 
1980;  examples  of  relevant  technologies  are  the  German  Cabintaxi  system 
and  the  "Project  21"  two-in-one  guideway,  using  steel-wheeled  vehicles 
moving  in  two  directions  on  one  steel  beam  with  a  triangular  cross-section. 
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prices  using  the  "median"  investment  level;  its  passenger  volume  is 
comparable  to  that  of  existing  systems  such  as  Morgantown  and  Airtrans; 
it  can  begin  to  attain  labor  savings  compared  to  downtown  buses  oper- 
ating at  6  mph  (9.6  km/h)  if  it  is  about  3  miles  (4.8  km)  long  or  longer; 
it  can  begin  to  use  land  during  peak  periods  more  efficiently  than  a  local 
arterial;  it  will  not  save  any  energy  directly  in  a  downtown  setting. 

DPM  2 :       A  peoplemover  guideway  for  the  currently  prevalent  rubber- 
tired  vehicles  with  about  12,000  weekday  passenger-miles,  or  14  million 
annual  place-miles  per  line-mile,  allows  a  construction  expenditure  of 
$15  million  a  mile  in  1977  prices  using  the  "median"  investment  level; 
it  begins  to  attain  labor  savings  compared  to  local  buses  operating  at 
the  same  speed  if  it  is  about  3  miles  (4.8  km)  long  or  longer,  or  compared 
to  downtown  buses  at  6  mph  (9.6  km/h)  if  it  is  shorter;  it  uses  land 
during  the  peak  period  more  efficiently  than  a  local  arterial;  it  will 
not  save  any  energy  directly  in  a  downtown  setting.    The  $15  million  a 
mile  in  1977  dollars  price  tag  used  in  Chapter  II  to  calculate  construc- 
tion energy  is  optimistic,  assuming  as  it  does  that  one-quarter  of  the 
DPM  is  at  grade  and  ignoring  expenditures  for  utility  relocation  and  the 
adaptation  of  existing  buildings  which  are  likely  in  a  downtown.  The 
cost  per  mile  could  easily  be  some  60  percent  greater.    The  passenger 
volume  shown  for  the  middle  criterion  is  therefore  indicated  as  a  range 
between  12,000  and  20,000  weekday  passenger-miles  per  mile  of  line. 

DPM  3:       A  peoplemover  guideway  described  under  DPM  2  generally 
above  ground  in  a  downtown  setting  will  begin  to  offer  direct  energy 
savings  at  volumes  in  excess  of  46,000  weekday  passenger-miles  or  55 
million  annual  place-miles  per  line-mile,  if  no  snow  melting  is  re- 
quired.   If  the  guideway  is  in  tunnel  the  energy  saving  threshold  rises 
to  67,000  weekday  passenger-miles  or  80  million  annual  place-miles  per 
line-mile;  it  rises  above  that  level ,  if  the  guideway  is  in  the  open 
air  and  requires  snow  melting.    The  range  of  these  volumes  is  indicated 
in  Exhibit  4.7. 

It  is  clear  from  this  array  of  threshold  volumes  that  those 
required  to  attain  energy  savings  are  virtually  an  order  of  magnitude 
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above  the  others.    At  such  high  volumes,  peoplemovers  of  current  design 
may  encounter  capacity  constraints.    For  example,  if  one  assumes  that  a 
15-second  headway  can  be  sustained  for  an  entire  hour,  that  peak  hour 
one-directional  load  for  internal  downtown  travel  is  one-fifth  of  the 
daily  load  and  that  spatially  the  load  distribution  is  even,  then  the 
maximum  daily  capacity  of  a  Morgantown-type  system  is  about  46,000 
passenger-miles  per  line-mile,  the  same  as  the  minimum  threshold  re- 
quired for  energy  savings  in  a  downtown  setting.    For  higher  volumes, 
shorter  headways  or  systems  with  entraining  capability  are  needed. 

Recognizing -the  limited  scale  of  DPM  energy  consumption 
compared  to  all  urban  travel  and  the  indirect  savings  in  energy  inherent 
in  downtown  development  compared  to  "spread  city"  locations,  the  energy- 
saving  requirement  for  downtown  peoplemovers  can  reasonably  be  waived. 

Based  on  the  estimates  in  Exhibit  4.7,  the  middle  threshold 
volume  of  12,000  daily  passenger-miles  per  line-mile  can  only  be  reached 
in  downtowns  with  more  than  about  30  to  50  million  square  feet  of  non- 
residential  floorspace,  (2.8  to  4.6  million  m  )  if  the  DPM  market  is 
limited  to  internal  trips.    The  threshold  volume  of  20,000  passenger- 
miles  per  line-mile,  which  assumes  higher  construction  costs,  can  only 
be  reached  in  downtowns  with  more  than  40  to  80  million  square  feet  (3.7 
to  7.4  million  m  ).    This  limits  peoplemovers  relying  on  internal  travel 
to  the  largest  downtowns. 

If  maximum  practical  diversion  from  autos  and  buses  inter- 
cepted at  the  downtown  fringe  is  included,  the  feasibility  threshold 

drops  at  the  lowest  to  between  18  and  30  million  square  feet  (1.7  to  2.8 

2 

million  m  )  in  concentrated  downtowns,  and  about  25  to  35  million 

2 

square  feet  (2.3  to  3.2  million  m  )  in  downtowns  with  a  spread  activity 
distribution.  The  inclusion  of  a  portion  of  regional  trips  expands  the 
DPM  market  to  cover  a  number  of  middle-sized  downtowns. 

Lastly,  if  the  cost  of  building  automated  guideways  were 
brought  down  sharply  by  the  use  of  lightweight  single-beam  guideways 
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Exhibit  4.7 

Peoplemover  Travel  and  Threshold  Levels  as  a  Function  of  CBD  Characteristics  and  System  Configuration 
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exemplified  by  the  German  Cabintaxi  system  or  the  "Project  21"  two-in- 
one  guideway,  the  market  for  peoplemovers  would  expand  to  cover  a  large 
number  of  downtowns  that  have  between  10  and  15  million  square  feet 
(0.93  to  1.4  million  m  )  of  nonresidential  floorspace.    At  the  volumes 
attainable  in  such  downtowns  automated  systems  can  produce  labor  savings 
compared  to  local  buses  if  the  line  is  relatively  long,  suggesting  some 
line-haul  functions,  and  not  just  internal  distribution  functions,  for 
this  technology. 

In  1977,  as  many  as  19  cities  were  giving  some  consideration 
4 

to  dov/ntown  peoplemovers.     Of  these,  only  Lower  Manhattan  and  Los 
Angeles  meet  all  the  criteria,  including  energy  savings.  Houston, 
Dallas,  Detroit,  Cleveland,  Atlanta,  Seattle  and  Baltimore  stay  above 
the  middle  criteria  related  to  construction  cost  only  if  substantial 
numbers  of  regional  travellers  are  directed  to  the  DPM.    For  Miami,  St. 
Louis  and  Indianapolis,  downtown  peoplemovers  may  be  problematic  even 
with  the  diversion  of  regional  trips,  Miami,  one  might  note,  designed 
its  DPM  as  the  main  feeder  to  regional  rapid  transit,  which  has  only 
one  station  near  downtown.    The  other  downtowns,  namely  St.  Paul,  Jack- 
sonville, Sacramento,  Memphis  and  Norfolk,  not  to  speak  of  Anaheim, 
California  and  Bellevue,  Washington,  fall  below  the  middle  criteria 
under  any  conditions.    A  number  of  them,  however,  could  reasonably  be 
served  by  lightweight  single-beam  guideways. 

In  the  intervening  years,  most  of  these  cities  have  shelved 
DPM  plans  for  a  variety  of  reasons,  the  cost  of  building  heavy  guideways 
for  the  present  generation  of  hardware  and  the  visual  bulk  of  the  struc- 
tures not  being  the  least.    It  should  be  recalled  from  Chapter  II  that 
the  median  capital  expenditure  to  which  the  middle  criteria  in  Exhibit 
4.7  are  scaled  translates  into  18<t  per  passenger-mile  in  constant  dollars 
if  a  45-year  amortization  period  and  a  3  percent  interest  are  used. 
While  most  of  this  cost  on  a  line-haul  rail  line  can  be  covered  by 
savings  of  energy,  labor  and  parking  charges,  not  even  including  sav- 
ings in  time,  on  a  DPM  system  there  are  no  savings  in  energy,  savings  in 
parking  costs  are  reduced  because  of  the  smaller  proportion  of  former 
auto  users,  and  savings  in  time  cannot  be  overwhelming  at  an  operating 
speed  of  10  mph  (16  km/h).    Therefore,  it  can  be  legitimately  argued 
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that  levels  of  investment  appropriate  for  line-haul  systems  are  too  high 
for  a  DPM.    This  reinforces  the  case  for  low-cost,  single-beam  guideway 
technologies  and  for  expanding  the  function  of  the  systems  to  include 
line-haul  travel. 

5.    The  Prospect  for  Urban  Rail. 

In  view  of  the  long  chains  of  assumptions  needed  to  produce 
the  travel  estimates  and  the  threshold  volumes  shown  here,  the  figures 
presented  are  conditional,  and  the  exact  values  should  not  be  taken  too 
literally.    What  is  important  is  the  relative  scale  of  the  estimates, 
and  the  general  ranking  of  the  urban  areas  with  respect  to  their  pros- 
pect for  fixed  guideway  transit. 

The  estimates  of  rapid  transit  and  light  rail  travel  clearly 
are  very  conservative.    On  the  other  hand,  the  labor  and  the  energy 
savings  estimates  may  be  liberal,  approaching  as  they  do  the  best 
existing,  rather  than  average  practice.    While  no  other  assumption  would 
be  proper  for  planning  new  systems,  to  insure  against  any  slippage  in 
labor  and  energy  efficiency    the  patronage  estimates  are  deliberately 
left  low. 

It  is  also  clear  that  site-specific  conditions  are  a  matter 
for  local  alternatives  analysis  and  cannot  be  given  justice  in  a  macro- 
study  at  the  national  scale.    Locally  available  alignments  for  light 
rail  may  not,  in  fact,  reach  the  highest  density  corridor;  local  travel 
estimates,  local  types  of  construction  and  local  costs  will  always  be 
different  from  the  average  values  shown  here.    The  importance  of  the 
data  presented  is  that  they  are  prepared  in  a  standardized  and  consistent 
manner,  enabling  comparisons  between  cities  that  hold  as  many  variables 
as  possible  constant. 

The  results  indicate  that,  given  extant  commitments,  there  are 
only  four  urban  areas  left  in  the  United  States  that  are  strong  candidates 
for  rapid  transit:    these  are  Los  Angeles,  Seattle,  Honolulu  and  Houston. 
A  more  tentative  case  can  be  made  for  Dallas.    (The  potential  for  rapid 


-271- 


transit  in  San  Juan  was  not  evaluated.)    The  specter  of  a  "bottomless 
pit"  of  rapid  transit  construction  and  of  "little  BARTs"  proliferating 
all  over  the  country  is  clearly  a  false  one. 

The  results  also  indicate  that  serious  candidates  for  light 
rail  construction  are  more  numerous.    To  begin  with,  they  include  the 
potential  rapid  transit  cities  of  Seattle,  Honolulu  and  Houston. 
Whether  rapid  transit  or  light  rail  is  more  appropriate  in  these  cities 
is  for  local  alternatives  analyses  to  determine. 

Given  extant  commitments  to  light  rail,  Dallas ,  St.  Louis  and 
Mi Iwaukee  appear  to  be  candidates  for  light  rail  lines  built  to  high 
standards,  with  some  mileage  in  tunnel. 

Minneapolis,  Indianapol is ,  Louisville  and  Cincinnati ,  with 
the  possible  addition  of  Denver,  Columbus  and  Kansas  City  appear  to  be 
candidates  for  light  rail  lines  without  any  tunneling,  but  with  con- 
siderable grade-separation  near  the  surface.    This  adds  10  potential 
light  rail  cities  to  the  four  potential  rapid  transit  cities.    It  is 
possible  that  in  the  next  tier  of  20  cities  below  the  29  evaluated  here, 
additional  candidates  for  light  rail  can  be  found.    The  20  include 
Sacramento,  Rochester  and  Hartford,  which  have  been  considering  light 
rail;  their  prospects  are  not  evaluated  here. 

The  results  can  also  be  compared  to  recent  decisions  about 
rail  transit  made  on  the  basis  of  local  analyses  in  a  number  of  cities. 
In  Washington,  the  full  101-mile  system  under  construction  appears  to 
conform  to  the  criteria  advanced,  though  a  somewhat  shorter  system  would 
attain  higher  passenger  use  per  mile  of  line.    Atlanta  and  Baltimore, 
while  generally  conforming  to  the  criteria  advanced,  are  flagged  as 
relatively  high-capital-cost  systems,  while  Miami's  low-cost  above- 
ground  construction  is  in  scale  with  the  criteria. 

With  respect  to  recent  light  rail  decisions,  Detroit  and 
Pittsburgh  are  found  to  warrant  some  tunnel  construction  on  which  they 
in  fact  are  embarking,  while  Buffalo's  extensive  tunneling  is  not  in 
scale  with  the  travel  volume  anticipated.    The  proposed  above-ground 
system  in  Portland  is  found  to  be  in  scale  with  the  criteria  advanced, 
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while  San  Diego  built  a  line  more  frugal  than  the  criteria  would  require. 

The  decision  to  forego  a  high-capital  system  in  Denver  is 
supported  by  the  analysis,  as  is  the  decision  not  to  proceed  with  light 
rail  in  Dayton.    Still,  Denver  is  found  to  be  a  possible  candidate  for 
low-capital  light  rail  transit,  and  a  more  substantial  light  rail  system 
is  found  to  be  possible  in  St.  Louis,  even  though  a  local  alternatives 
analysis  decided  against  it  for  the  near  future. 

Another  possible  comparision  is,  if  city  A  were  found  to 
warrant  rail  transit,  what  about  cities  B,  C,  and  D,  which  have  the  same 
or  higher  potential  passenger  volumes  per  mile  of  line?    Viewed  this 
way,  the  data  suggest  that  if  Atlanta,  Miami  and  Baltimore  can  support 
rapid  transit,  then  so  could  Pittsburgh  (which  opted  for  light  rail), 
possibly  Dallas,  Detroit  (which  opted  for  light  rail),  Houston,  Honolulu, 
Seattle  and  Los  Angeles,  in  ascending  order. 

Similarly,  if  Portland  can  support  light  rail,  then  so  should 
Louisville,  Indianapolis,  San  Diego  (which  in  fact  built  a  line),  Buffalo 
(with  a  line  under  construction),  Minneapolis,  Pittsburgh  (with  downtown 
tunnel  extensions  to  existing  lines  under  construction),  Milwaukee,  St. 
Louis  and  Dallas,  in  ascending  order. 

The  precise  ranking  of  the  various  cities  is  subject  to 
error,  in  view  of  the  varying  quality  of  the  underlying  data  noted  in 
Exhibits  4.5  and  4.6.    However,  the  major  weaknesses  of  the  data  are  in 
the  smaller  urban  areas,  which  do  not  appear  as  candidates  for  either 
rapid  transit  or  light  rail.    The  real  differences  between  actual  and 
estimated  prospect  for  rail  transit  will  probably  arise  from  right-of- 
way  availability,  which  can  only  be  determined  by  site-specific  local 
studies . 

Given  the  prospects  for  rapid  transit  and  light  rail  in 
cities  presently  without  them,  the  next  question  is:    how  do  these  needs 
compare  with  the  additional  needs  of  the  existing  rail  cities? 

The  prospect  for  extensions  to  existing  systems  is  very  site- 
specific  and  would  require  much  more  detailed  calculations  than  those 
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performed  here  for  new  systems.    For  a  short-cut  assessment,  one  can 
look  at  the  number  of  daily  passengers  boarding  at  terminal  stations, 
listed  in  Table  A-8  in  the  Appendix.    To  the  extent  that  number  (doubled 
to  include  returning  passengers)  exceeds  the  threshold  criteria  for 
rapid  transit,  extension  would  seem  indicated.    Of  course,  this  method 
cannot  estimate  the  length  of  the  extension,  nor  the  prospect  for  lines 
originating  other  than  at  outer  terminals.    Also,  the  assessment 
differs'  from;  that  for  new  systems    because  station  passenger  counts 
include  all  trips,  and  not  just  those  to  the  Central  Business  District. 

In  Cleveland  existing  volumes  at  terminal  stations  are  low  and 
do  not  indicate  any  need  for  extensions;  however,  a  separate  calculation 
suggests  that  the  northeasterly  corridor  from  downtown  Cleveland  could 
have  enough  volume  to  support  a  tunnel  for  a  distance  of  nearly  5  miles 
(8  km),  which  conforms  to  past  local  proposals;  with  the  resulting 
realignment  of  the  existing  system,  which  lacks  adequate  downtown  access, 
an  additional  7  mile  (11  km)  northeasterly  extension  would  appear  to 
meet  the  threshold  volume  for  an  above-ground  rapid  transit  line. 

In  the  San  Francisco  Bay  Area,  existing  volumes  at  the  Con- 
cord, Fremont  and  Richmond  terminals  are  low,  and  do  not  indicate  the 
need  for  extensions  in  the  near  future;  however,  the  volume  at  the 
southern  Daly  City  terminus  exceeds  the  criteria  for  an  above-ground 
rapid  transit  line,  indicating  that  an  extension  into  San  Mateo  County, 
part  of  the  original  BART  design,  should  receive  priority  consideration. 

In  Boston ,  the  volume  at  the  Harvard  Square  station  exceeds 
the  criteria  for  a  rapid  transit  line  in  tunnel  and  in  fact,  a  tunnel 
extension  from  Harvard  Square  to  Alewife  is  under  construction.  Some 
further  extension  above  ground  would  also  seem  warranted.    The  volume  on 
the  new  South  Braintree  line  is  in  scale  with  the  criteria  for  an  above 
ground  line  but  indicates  no  further  extensions,  nor  do  the  volumes  at 
the  northern  ends  of  the  Blue  and  the  Orange  lines.    The  volume  at  the 
Ashmont  terminal,  which  connects  to  a  light  rail  line  exceeds  only 
slightly  the  threshold  for  above-ground  rapid  transit.    However,  that  at 
the  southern  end  of  the  Orange  line  at  Forest  Hills  exceeds  this  threshold 
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by  a  wide  margin,  suggesting  that  after  relocation  of  the  line  is  com- 
pleted, further  extension  would  deserve  priority  consideration. 

In  Phi ladelphia ,  the  high  volume  at  the  69th  Street  terminal 
reflects  extensive  light  rail  feeder  services,  while  that  at  the  recently 
completed  southerly  extension  of  the  Broad  Street  line  is  low.  However, 
the  volumes  at  the  northern  ends  of  the  Broad  Street,  and  especially  the 
Frankford  Street  line  are  very  high,  substantially  exceeding  the  cri- 
teria for  underground  rapid  transit.    A  new  subway  in  this  general  area 
(planned  for  many  years  under  Roosevelt  Blvd.  to  North  Philadelphia) 
would  appear  to  be  well  within  the  criteria  advanced.    The  volumes  at 
the  various  stations  of  the  Lindenwold  line  cannot  give  any  clue  to  the 
feasibility  of  the  two  proposed  branches;  each  of  these  would  have  to 
attain  two-thirds  the  present  volume  on  the  main  line  to  meet  the  lowest, 
above-ground  rapid  transit  threshold.    At  Lindenwold  itself,  the  present 
station  volume  is  not  high  enough  to  indicate  further  extension. 

In  Chicago,  station  volumes  at  most  line  terminals  are  low  and 
only  two  of  them  indicate  extensions.    One  is  the  Jefferson  Park  terminal, 
which  exceeds  the  middle  criterion  for  a  rapid  transit  line  predominantly 
above  ground.    The  O'Hare  Airport  extension--wi th  only  a  short  section 
in  tunnel--is  in  fact  being  built  there.    The  other  is  the  southern 
terminal  of  the  Dan  Ryan  line  at  95th  Street,  which  exceeds  the  criteria 
for  a  rapid  transit  line  in  tunnel,  having  a  large  bus-oriented  tributary 
area  to  the  south  and  southwest.    Apart  from  a  southward  extension,  this 
indicates  the  general  need  for  rapid  transit  in  the  Southwest  corridor 
in  Chicago,  the  only  one  lacking  such  service.    Beyond  service  extensions, 
the  dominant  need  in  Chicago  --  rehabilitation  of  existing  lines  and 
stations  aside  --  is  the  replacement  of  elevated  lines.    Two  major  steps 
toward  that  goal,  the  Franklin  and  Monroe  Street  subways  in  the  down- 
town area,  totalling  about  6  miles  (10  km),  have  not  been  started. 

In  New  York,  the  highest  terminal  station  volumes  are  found  in 
Queens ,  at  the  ends  of  the  Flushing  and  Hillside  Avenue  lines;  they 
exceed  the  minimum  criteria  for  rapid  transit  in  tunnel  by  two  to  three 
times.    They  are  indicative  of  the  general  need  for  a  large-scale  Queens 
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transit  expansion  program,  under  study  since  the  1960s,  parts  of  which 
include  the  63rd  Street  tunnel  and  Archer  Avenue  subway,  under  con- 
struction for  a  decade.    In  Brooklyn,  heavy  station  volumes  at  the 
Utica,  Flatbush  and  Kings  Highway  stations  indicate  continued  need  for  a 
Southeast  Brooklyn  line  in  the  direction  of  the  Gateway  National  Recrea- 
tion area.    In  The  Bronx,  terminal  station  volumes  are  below  any  criteria 
for  rapid  transit,  reflecting  excessively  long  travel  times  and  the  need 
for  a  basic  restructuring  of  the  Bronx  system,  which  requires  completing 
the  Second  Avenue  subway  and  removing  several  elevated  lines.  Aside 
from  being  a  tool  for  restructuring  the  Bronx  system,  the  Second  Avenue 
subway  itself  serves  the  purposes  of  relieving  overcrowding,  referred  to 
earlier  in  Chapter  II,  and  providing  improved  access  to  the  East  Side  of 
Manhattan. 

Large  needs  for  the  rehabilitation  of  existing  lines  and 
stations  aside,  a  pending  need  in  New  York,  just  as  in  Chicago,  con- 
tinues to  be  the  removal  of  elevated  lines.    The  detrimental  effect  of 
their  noise,  among  others,  is  increasingly  being  recognized.    An  explora- 
tory investigation,  which  did  not  rank  the  various  projects  by  potential 
5 

passenger  volume,    indicated  the  need  for  74.2  miles  (119.4  km)  of  new 
line  in  New  York  City,  which  would  be  partly  balanced  by  the  removal  of 
nearly  half  of  the  remaining  elevated  lines,  or  30.4  miles  (49  km)  for 
a  net  addition  of  19  percent  to  the  existing  system. 

In  New  Jersey,  the  PATH  station  volumes  at  Newark  and  Journal 
Square  exceed  the  middle  criterion  for  rapid  transit  partially  in  tunnel, 
suggesting  the  continued  reasonableness  of  at  least  two  rapid  transit 
extensions  in  Essex,  Hudson  and  neighboring  counties. 

It  is  difficult  to  give  a  close  estimate  of  the  total  national 
rapid  transit  and  light  rail  mileage  that  could  be  built  to  meet  the 
criteria  advanced  here.    Analysis  in  this  book  is  focusued  on  one  cor- 
ridor per  city;  the  number  of  corridors  that  could  warrant  rail  is  less 
firm.    In  the  "old"  rail  cities,  only  the  number  of  potential  extensions 
that  can  be  deduced  from  terminal  station  volumes  is  a  hard  figure.  The 
length  of  these  lines  and  possible  other  routes  are  less  firm. 
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Beginning  with  the  hard  figures,  the  four  rapid  transit  starter 
lines  in  Los  Angeles,  Seattle,  Honolulu  and  Houston,  assuming  one 
corridor  per  city,  would  total  50  miles  (80  km).    The  10  light  rail 
starter  lines,  assuming  one  corridor  per  city,  would  total  90  miles  (145 
km).    This  would  add  only  7  percent  to  the  national  rapid  transit  mileage, 
but  42  percent  to  the  national  streetcar  and  light  rail  mileage. 

In  the  five  "old"  rail  regions  outside  New  York,  the  7  readily 
discernible  extensions  would  total  about  50  miles  (80  km).    For  New 
York,  an  analogous  goal  might  be  completion  of  the  Second  Avenue  subway 
(realigned  to  serve  the  central  Bronx),  construction  of  three  lines  in 
Queens  and  one  in  southeast  Brooklyn,  for  a  total  length  of  37  miles  (60 
km),  or  a  net  addition  of  16  percent  to  the  existing  system.    This  is 
less  than  was  envisaged  in  the  "Grand  Design"  of  the  late  1960s,  nor 
does  it  address  the  issue  of  elevated  replacement.    It  would,  however, 
provide  relief  to  overcrowding,  serve  most  of  the  presently  unserved 
areas,  and  provide  trunkline  capacity  for  future  realignments  of  the 
system  within  the  cost-per-passenger-mi le  criteria  advanced  here. 

Added  to  this  must  be  prospective  mileage  conforming  to  the 
criteria  in  Washington,  Atlanta  and  Baltimore  on  which  construction  has 
not  yet  started,  and  which  may  total  55  miles  (88  km)  in  10  corridors. 
As  for  the  prospective  mileage  in  the  "future"  rail  cities,  beyond  the 
four  starter  lines  enumerated  above,  it  will  primarily  depend  on  the 
ultimate  size  of  the  Los  Angeles  system.    If  one  assumes  that  it  may 
reach  about  70  miles  (113  km),  the  additional  mileage  in  the  cities  with 
future  rapid  transit  may  be  some  120  miles  (193  km).    These  figures  are 
summarized  in  the  second  and  third  columns  of  Exhibit  4.8.    The  fourth 
column  adds  possible  mileage  in  northern  and  southern  New  Jersey,  for 
which  even  a  rough  estimate  is  difficult  without  site-specific  studies. 

Altogether,  one  can  estimate  that  there  are  about  40  urban 
corridors  in  the  United  States  with  sufficient  volume  to  support  new 
rapid  transit  lines  of  varying  capital-intensity,  and  that  these  lines 
might  total  about  350  miles  (560  km),  representing  roughly  a  50  percent 
increment  to  the  existing  national  system.    Two-thirds  of  the  corridors 
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and  about  half  the  mileage  are  in  cities  with  rapid  transit  in  existence 
or  under  construction.    For  a  clearer  sense  of  priorities  among  the 
corridors,  site-specific  construction  costs  would  be  necessary,  to  array 
the  corridors  by  cost  per  passenger-mile.    Basically,  rapid  transit 
expansion  can  be  seen  as  a  program  of  finite  magnitude,  even  though  it 
would  take  over  25  years  to  implement  at  the  current  rate  of  construc- 
tion. 

With  respect  to  light  rail,  any  estimates  beyond  the  10 
corridors  identified  in  Exhibit  4.6  must  remain  conjectural,  in  part 
because  additional  corridors  will  depend  so  strongly  on  available 
rights-of-way.    Assuming  that  each  of  the  10  potential  cities  named  can 
develop  between  two  and  three  corridors  with  sufficient  volume,  making 
some  allowance  for  smaller  cities  not  considered  here,  and  for  addi- 
tional mileage  in  cities  with  light  rail  in  existence  such  as  Pittsburgh 
and  San  Francisco,  or  committed,  such  as  Buffalo,  San  Diego,  Portland 
and  Detroit,  potential  lines  might  total  some  230  miles  (370  km)  in 
addition  to  the  90  miles  identified  earlier.    This  would  more  than 
double  the  existing  light  rail  system. 

Looking  beyond  the  period  immediately  ahead,  opportunities  for 
new  light  rail  lines  may  move  into  the  foreground,  as  rapid  transit 
emphasis  shifts  from  new  lines  toward  replacement  of  elevated  structures 
in  New  York  and  Chicago.    If  public  transit  ridership  continues  to  grow 
at  its  current  pace,  more  urban  corridors,  which  now  fail  to  meet  the 
test  of  rail  transit  feasibility,  will  meet  it.    More  of  these  are 
likely  to  be  at  the  light  rail  end  of  the  spectrum,  for  the  simple 
reason  that  it  is  easier  to  reach  a  threshold  of  7,000  passenger-miles 
per  line-mile  supportive  of  light  rail  than  it  is  to  reach  one  of  24,000 
passenger-miles  per  line-mile,  supportive  of  "real"  rapid  transit  with 
some  tunneling.    In  a  muted  replay  of  the  early  years  of  the  century, 
portrayed  in  Exhibit  1.1,  light  rail  growth  may  again  outpace  the  growth 
of  rapid  transit,  with  an  added  wave  of  trolleybuses  superimposed. 
Trolleybus  installations  are  likely  to  outpace  light  rail,  as  the  cost 
differential  between  electricity  and  liquid  fuels  increases. 
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Exhibit  4.8 

Approximate  Estimate  of  Total  Potential  Rapid  Transit  and  Light  Rail  Mileage  in  the  United  States  Meeting  Threshold  Criteria 


RAPID  TRANSIT 


Existing  miles 
completed  and 
under  con- 
struction, 1980, 
from  Exhibit 
1.5  (rounded) 

(1) 


Potential  miles  meeting  threshold  criteria 
(Number  of  corridors  shown  in  parentheses) 


Estimated  for 
"starter  lines" 
directly  from 
Exhibits  4.5 
and  4.6 

(2) 


Estimated  in- 
directly based 
on  number  of 
potential 
corridors 

(3) 


Possible 
additional 
mileage, 
conjectu  ral 
estimate 

(4) 


Total 

potential 

miles 

(5) 


Order  of 
magnitude 
constructior 
cost  in 
1977  $$ 
billions 

(6) 


New  York  -  Northern  New 
Jersey  Region 


264 


37  (5) 


25  (2Y 


62(7)**  5.0*1 


Other  "old"  rail  regions 
(Chicago,  Philadelphia, 
Boston,  San  Francisco, 
Cleveland) 


266 


50  (7) 


15(2)*  65(9)**  1.7*' 


"New"  rail  regions 
(Washington,  Atlanta, 
Baltimore,  Miami) 


117 


55  (10) 


55(10)  1.5 


Future  rail  regions 
(Los  Angeles,  Seattle, 
Houston,  Honolulu) 

Total,  Rapid  Transit 

LIGHT  RAIL 


647 


50  (4) 
50  (4) 


118  (10) 
260  (32) 


40  (4) 


168(14)  5.1 
350  (40)  13.3 


"Old"  rail  regions 
(mostly  Philadelphia, 
Boston,  San  Francisco, 
Pittsburgh,  Cleveland, 
Newark) 


193 


25 


25 


0.3 


"New"  rail  regions 
(Buffalo,  San  Diego, 
Portland,  Detroit) 


22 


50 


50 


0.6 


Future  rail  regions 
(mostly  Dallas, 
Milwaukee,  St.  Louis, 
Minneapolis,  Indianapolis, 
Louisville,  Cincinnati, 
Denver,  Columbus, 
Kansas  City) 

Total,  Light  Rail 


215 


90  (10) 
90  (10) 


*  In  New  Jersey 

**  Excludes  replacement  of  elevated  lines 


155 
230 


245 
320 


3.0 
3.9 


Total,  new  lines  $17.2  billior 

(or  $22  billion  in  1980  dollars) 
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The  role  of  automated  peoplemovers  in  this  scenario  is  much 
more  difficult  to  foretell.    Judging  by  the  threshold  criteria  estab- 
lished here  --  which  obviously  are  more  tentative  for  a  nascent  tech- 
nology than  for  a  mature  one  --  automated  or  semi -automated  systems,  if 
they  adopt  low-capital,  single-beam  guideways,  and  if  they  break  out  of 
the  downtown-only  environment,  will  be  in  direct  competition  with 
conventional  light  rail  as  well  as  with  buses.    If  their  automatic 
controls  become  reliable  and  routine,  they  can  capture  a  significant 
market  in  middle-sized  urban  areas  and  an  additional  market  in  some 
major  cities  as  feeders  to  rapid  transit. 
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Table  A-1 

Definition  of  Terms  in  Appendix  Tables 


PASSENGER  USE 

Annual  passengers  (or  passenger  trips)  -  all  passengers  entering  a  system  (rail  or  bus)  in  the  course  of  a  year,  including 
fare-paying  (revenue)  passengers,  non  fare-paying  passengers,  and  those  transferring  from  a  different  system.  Transfers  within 
a  system  are  not  counted  as  separate  trips.  In  this  respect,  the  definition  differs  from  the  APTA  Unlinked  Trip  definition, 
where  an  estimate  of  internal  transfers  is  included  to  reflect  vehicle  boardings  rather  than  system  boardings.  The  definition 
applies  to  all  tables  except  H-2,  which  contains  estimates  of  intra-system  transfers. 

Weekday  passengers  (or  passenger  trips)  -  include  all  passengers  entering  a  system  in  the  course  of  an  average  weekday, 
using  the  same  definition  as  above. 

Trip  length  —  the  distance  travelled  by  a  passenger,  as  defined  above,  within  a  system  (rail  or  bus).  Distance  travelled 
outside  a  system  (on  foot,  by  auto,  etc.)  is  not  included  as  a  part  of  the  transit  trip.  In  this  respect,  the  definition  differs 
from  that  of  many  Area  Transportation  Studies,  which  usually  refer  to  the  combined  length  of  a  linked  trip. 

Passenger-miles  —  the  number  of  passengers  multiplied  by  the  average  trip  length  in  miles,  as  defined  above. 

SYSTEM  EXTENT 

Line-miles  (also  known  as  first-track-miles  or  route  miles  without  duplication)  —  the  total  length  of  the  right-of-way 
in  regular  use  by  transit  vehicles. 

Track-miles  —  the  total  length  of  all  tracks,  including  non-revenue  spurs,  yards  and  sidings.  One  line-mile  usually  has 
two  or  more  track-miles. 

Route-miles  —  the  total  length  of  all  routes  along  which  services  are  scheduled.  A  line  may  represent  only  one  or  any 
number  of  routes.  In  contrast  to  a  line  and  a  track,  a  route  is  a  scheduling,  rather  than  a  physical  concept. 

SERVICE 

Vehicles  in  service  —  the  active  fleet  of  vehicles,  both  those  available  for  operation  and  those  in  routine  maintenance. 
Vehicle-miles  —  the  sum  of  the  number  of  miles  each  vehicle  travelled  during  a  day,  a  year,  etc. 
Place-miles  —  the  number  of  vehicle-miles  operated  multiplied  by  the  average  number  of  passenger  places  per 
vehicle.  A  passenger  place  is  assumed  at  5.38  square  feet  (0.5m2)  of  gross  vehicle  floorspace. 

Vehicle-hours  —  the  sum  of  the  number  of  hours  each  vehicle  was  in  service  during  a  day,  a  year,  etc. 
Operating  speed  including  layover  —  total  vehicle-miles  divided  by  total  vehicle-hours. 

Operating  speed  excluding  layover  —  the  distance  traversed  by  a  vehicle  along  a  route  divided  by  the  scheduled 
time  required  to  do  so. 

Load  factor  —  the  ratio  of  passenger-miles  to  place-miles. 
Traffic  density  —  the  ratio  of  passenger-miles  to  line-miles. 
Service  density  —  the  ratio  of  place-miles  operated  to  line-miles. 

EMPLOYEE  CATEGORIES 

Vehicle  operation  —  motormen,  drivers  and  all  other  employees  either  on  vehicles  or  directly  concerned  with 
moving  vehicles,  such  as  dispatchers  and  central  control  personnel.  Excludes  conductors  only  if  their  primary  function 
is  fare  collection. 

Vehicle  maintenance  —  mechanics,  car  cleaners,  and  all  other  personnel  directly  concerned  with  servicing  and 
repairing  rolling  stock. 

Maintenance  of  way,  power  and  signals  —  mechanics,  electricians  and  other  personnel  concerned  with  servicing 
and  repairing  the  fixed  plant,  except  stations. 

Station  and  fare  collection  —  station  cleaners,  information  clerks  and  all  personnel  concerned  with  fare  collection, 
including  servicing  automated  fare  equipment. 

Administrative  —  top  managers  of  each  of  the  above  departments,  secretarial  and  related  jobs  in  these  departments; 
central  administrative  personnel,  including  legal,  financial,  purchasing,  planning  and  data  processing. 

Excluded  are  in  all  cases  police  and  employees  carried  by  the  capital  budget.  The  allocation  of  administrative 
workers  shared  by  several  modes  within  one  agency  is  in  proportion  to  the  remaining  non-administrative  workers. 

ENERGY  USE 

Vehicle  operation  —  electricity  drawn  from  rectifier  substations  through  third  rail  or  overhead  wires  or  liquid 
fuel  used  by  buses. 

Total  purchased  -  electricity  purchased  from  utility  prior  to  delivery  to  rectifier  substations,  all  other  electricity 
purchased  (lighting,  ventilating,  escalators,  yards,  etc.)  as  well  as  all  other  fuel  and  lubricating  materials  purchased 
(incl.  garage  heating,  etc.)  if  available. 
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Table  A-6  Part  I: 

Rapid  Transit  Operating  Data 

(ranked  by  annual  place-miles  operated) 


NYCTA 

1.  Year  ending  12-31-76 

PASSENGER  USE 

2.  Annual  passengers  (000)  1,010,497 

3.  Trip  length  (miles)  7.2 

4.  Annual  passenger-miles  (000)  7,275,578 

SERVICE 

5.  Annual  vehicle-miles  (000)  281 ,206.6 

6.  Places  per  vehicle 

(@  5.38  sq.ft.  or  0.5m2)  101.2 

7.  Annual  place-miles  (000  )  28,458,107 

8.  Passenger-miles  per  place  mile: 
load  factor 

Vehicle-miles  per  vehicle-hour: 

9.  speed  incl.  layover 

10.  (excluding  layover) 

1 1 .  Weekday  cars/train  (c=cordon, 
s=system  wide,  a=annual 

12.  Vehicles  in  service 

13.  Annual  vehicle-miles  per  vehicle 

14.  Number  of  stations 

15.  Distance  between  stops*  (mi.) 

TRAFFIC  DENSITY 

16.  Line-miles  (first  track) 

17.  Place-miles/mile  (000) 

18.  Passenger-miles/mile  (000) 

NUMBER  OF  EMPLOYEES 

19.  Vehicle  operation 

20.  Vehicle  maintenance 

21 .  Way  Power  &  Signals 

22.  Station 

23.  Administrative** 

24.  TOTAL 

EMPLOYEE  RATIOS 

25.  Operating  employees/train 
in  use  during  peak  hour*  *  * 

26.  Maint.  employees/vehicle 

27.  W  &  P  employees/line  mile 
27a.  (Equalized  for  tracks/line) 

28.  Station  employees/station 

29.  TOTAL  employees/vehicle 

EMPLOYEE  OUTPUT 

30.  Place-miles/employees  (000) 

31.  Passenger-miles/employee  (000) 

EMPLOYEES  NEEDED 
per  million  place-miles  of  service: 

32.  Vehicle  operation 

33.  Vehicle  maintenance 

34.  Way,  Power  &  Signals 

35.  Station 

36.  Administrative 

37.  TOTAL 
employees/million  place-miles 
per  million  place-hours  of  service: 

38.  Vehicle  operation 

39.  Vehicle  maintenance 

40.  Way,  Power  &  Signals 

41 .  Station 

42.  Administrative 

43.  TOTAL 
employees/million  place-hours 

ENERGY  USE  Kwh/place-mile 

44.  Vehicle  operation 

45.  TOTAL  purchased 


25.6% 
18.3mph 


8.1c 

6,674 
42,135 
439 
n.a 

230.6 
123,409 
31,551 

7,225 
4,895 
6,974 
4,917 
1,672 
25.683 

13.04 

0.73 
30.24 
(19.38) 
11.20 
3.85 

1,108 
283 


0.254 
0.172 
0.245 
0.173 
0.059 


0.902 

4.65 
3.14 
4.48 
3.16 
1.08 

16.51 


0.0544 
0.0667 


TTC 

12-31-76 


1 98,200 

4.16 
824,512 


34,575.8 

133.2 
4,605,497 

17.9% 

20.4mph 


63c 

476 
72,638 
49 
0.54 


26.6 
173,139 
30,997 


328 
953e 
131 
446 
283 
2,141 

5.20 

2.00 
4.92 

9.10 
4.50 

2,151 
385 


0.071 
0.207 
0.028 
0.037 
0.062 


0.465 

1.45 
4.24 
0.57 
1.98 
1.26 

9.50 

0.0535 
n.a. 


CTA 

12-31-76 

149,200 
7.3 
1,087,700 

49,682.0 

83.1 
4,128,574 

263% 


BART 

6-30-77 


34,599 
13.0 
449,696 


22,862.9 

140.4 
3,209,961 

14.0% 


19.9mph 
(24.6) 

435c 

1,094 
45,413 
142 
0.81 


89.4 
46,180 
12,167 


1370 
570 

1.196 
789 
467 

4392 


10.00 

0.43 
13.38 
(11.60) 
5.56 
4.01 

940 
248 


0.332 
0.138 
0.290 
0.191 
0.113 


1.064 

6.27 
2.61 
5.48 
3.61 
2.14 

20.11 


0.0554 
0.0630 


33.6mph 
(40.0) 

63c 

425 
53.795 
34 
2.30 


71.5 
44395 
6389 

272 
357 
562 
165 
461 
1,817 

8.24 

0.84 
7.86 

4.85 
4.28 


1,767 
247 


0.085 
0.111 
0.175 
0.051 
0.114 


0566 

2.86 
3.73 
5.88 
1.71 
4.84 

19.02 


0.0509 
0.0726 


WMATA 

3-80 
annualized 

80,450 
4.9 
394,200 


18,329.2 


142.0 
2,602,746 


15.1% 


MUCTC 

12-31-76 


148,023 

3.4 
503,280 


21,922.6 

85.2 
1,867,806 

26.9% 


20.7mph 
(30.0) 

5.9a 
290 
63.204 
37 
0.94 


33.7 
77333 
1 1 ,697 

192 
327 
349 
317 
250 
1,435 

4.8 

1.13 
10.35 

8.56 
4.95 


1,814 
275 


0.074 
0.126 
0.134 
0.121 
0.096 


0351 

1.53 
2.61 
2.77 
2.50 
1.99 

11.40 

.0831e 
n.a. 


17.4mph 
(22.3) 

8.35s 

357 
61,408 
35 
0.54 


18.5 
100,962 
27  304 

345 
360 
418 
342 
323 
1,788 

10.8 

1.00 
22.6 

9.8 
5.0 

1,045 
281 


0.185 
0.193 
0.223 
0.183 
0.173 


0.957 

3.22 
3.36 
3.88 
3.18 
3.01 

16.65 


0.0590 
0.0967 


*  Distance  at  which  average  car  stops,  not  line  distance. 
"*  For  multi-modal  agencies,  administrative  employees  are  those  assigned  directly  to  a  given  mode  plus  a  share  of  central  administrative  employees  allocated  in  proportion  to  all  other  employees. 

Definitions  of  administrative  employees  and  other  categories  vary  somewhat  from  system  to  system. 
'*  See  Table  A-7,  line  3. 
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SEPTA  MBTA  PATH 

12-31-76  12-31-76  12-31-76 


MARTA 


3-80 
annualized 


PATCO 

12-31-76 


GCRTA 

12-31-76 


SIRT 

12-31-77 


84,629 
4.9 
448.533 


80,200 
3.6 
288,720 


40,688 

4.5 
183,096 


21,372 

4.2 
89,762 


11,523 
8.95 
103,131 


11,757 

7.7 
90,530 


5,002 
6.5 
32,513 


14,942 


10,523.4 


9,969.1 


3,997.8 


4,069.5 


3,611.2 


1,802.8 


108.9 
1.627,184 


98.4 
1,035,503 


87.6 
873,293 


146.0 
583,673 


125.5 
510,722 


104.2 
376,288 


139.4 
251,310 


27.5% 

17.5mph 

(n.a.) 


27.9% 
15.6mph 


21.0% 

18.6mph 
(22.7) 


15.4% 

24.5mph 
(33.7) 


20 2% 

28.0mph 
(34.8) 


24.0% 

22.8mph 
(29.0) 


12.9% 

17.5mph 
(22.0) 


4.7s 
467 
31,995 
53 

n.a. 


3.1$ 
340 
30.951 
43 
0.78 


5.5c 

298 
33,453 
14 
1.07 


4.4s 

40 
99,945 
13 
0.98 


3.0s 
75 
54,260 
13 
1.18 


2.0s 
116 
31,131 
18 
1.13 


3.0s 

52 
34,669 
22 
0.65 


24.1 
67,518 
18,611 


32.9 
31,474 
8,776 


13.9 
62,827 
13.172 


11. 1 
49,463 
7,606 


14.5 
35,222 
6,678 


19.3 
19,497 
4,691 


14.3 
17,574 
2,274 


246 
254 
609 
153 
80 
1.342 


500 
339 
693e 
310 
186 
2.028 


338 
211 
231 
33 
183 
996 


61 
80 
56 
51 
60 
308 


58 
69 
48 
26 
62 
263 


84 
85e 
68e 
45 
51 
333 


107 
52 
65 
14 
28 

266 


4.7 


8.8 


9.1 


10.16 


4.46 


3.65 


10.7 


0.52 
27.56 
(18.87) 
2.89 
2.74 


1.00 
21.06 
(20.25) 
7.21 
5.96 


0.71 
16.62 
(15.3) 
2.36 
3.34 


2.00 
4.75 

3.92 
7.70 


0.92 
3.31 

2.00 
3.51 


0.73 
3.52 

2.50 
2.87 


1.00 
4.54 

0.64 
5.11 


1,213 
334 


510 
142 


877 
184 


1,895 
291 


1,942 
392 


1,130 
272 


944 
122 


0.151 
0.156 
0.374 
0.094 
0.149 


0.483 
0.327 
0.669 
0.299 
0.180 


0.387 
0.242 
0.264 
0.038 
0.209 


0.105 
0.137 
0.096 
0.087 
0.103 


0.114 
0.135 
0.094 
0.051 
0.121 


0.223 
0.226 
0.181 
0.120 
0.135 


0.425 
0.207 
0.258 
0.056 
0.111 


0.824 

2.64 
2.73 
6.54 
1.65 
0.86 

14.42 


1.958 

7.53 
5.10 
10.44 
4.66 
2.81 

30.54 


1.140 

7.20 
4.50 
4.91 
0.70 
3.89 

21.20 


0.528 

2.57 
3.36 
2.35 
2.13 
2.52 

12.93 


0.515 

3.19 
3.78 
2.63 
1.43 
3.39 

14.42 


0.885 

5.08 
5.15 
4.13 
2.73 
3.08 

20.17 


1.058 

7.45 
3.62 
4.52 
0.98 
1.94 

18.51 


n.a. 
n.a. 


n.a. 
n.a. 


0.0650 
0.0730 


n.a. 
n.a. 


0.0653 
0.0770 


n.a. 

0.0834 


0.0531 
0.0561 
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Table  A -6  Part  II: 

Selected  Light  Rail  Annual  Operating  Data 
(ranked  by  annual  place-miles  operated) 


1 .  Year  ending 


PASSENGER  USE 

2.  Annual  passengers  (000) 

3.  Trip  length  (miles) 

4.  Annual  passenger-miles  (000) 

SERVICE 


TTC 


12-31-76 


112.628 

2.0e 
225,256e 


MBTA 


12-31-76 


46.000e 
2.5 
117,000e 


5.  Annual  vehicle-miles  (000) 

6.  Places  per  vehicle 
(@5.38  sq.  ft.  or  0.5m2) 

7.  Annual  place-miles  (000) 

8.  Passenger-miles  per  place  mile: 
load  factor 

Vehicle-miles  per  vehicle  hour: 

9.  Speed  incl.  layover 

10.  (excluding  layover) 

1 1 .  Weekday  cars/train 

12.  Vehicles  in  service 

13.  Annual  vehicle-miles  per  vehicle 

TRAFFIC  DENSITY 

16.  Line-miles,  total 

17.  Place-miles/mile  (000) 

18.  Passenger-miles/mile  (000) 

NUMBER  OF  EMPLOYEES 

19.  Vehicle  operation 

20.  Vehicle  maintenance 

21 .  Way,  Power  &  Signals 

22.  Station 

23.  Administrative 

24.  TOTAL 

EMPLOYEES  RATIOS 

25.  Operating  employees/train 
in  use  during  peak  hour 

26.  Maint.  employees/vehicle 

27.  W  &  P  employees/line  mile 

28.  Sta.  empl. /manned  station 

29.  TOTAL  employees/vehicle 

EMPLOYEE  OUTPUT 

30.  Place-miles/employees  (000) 

31.  Passenger-mile/employee  (000) 

EMPLOYEES  NEEDED 
per  million  place-miles  of  service 

32.  Vehicle  operation 

33.  Vehicle  maintenance 

34.  Way,  Power  &  Signals 

35.  Station 

36.  Administrative 

37.  TOTAL 
employees/million  place-miles 

per  million  place-hours  of  service: 

38.  Vehicle  operation 

39.  Vehicle  maintenance 

40.  Way,  Power  &  Signals 

41 .  Station 

42.  Administrative 

43.  TOTAL 
employees/million  place-hours 

ENERGY  USE,  kwh/place-mile 

44.  Vehicle  operation 

45.  TOTAL  purchased 


10,103.6 

67.8 
685,024 

32.9% 

9.0mph 
(9.7) 
1.0 

386 
26,175 


46.3 
14,795 
4.865 


525 
300e 
86 

137 
1,048 


1.96 


0  77 
1.86 


2.72 


654 
215 


0.766 
0.438 
0.126 

0.200 

1.530 

6.90 
3.94 
1.13 

1.80 

13.77 


n  a 
n.a. 


5,671.0 

67.6 
383,360 

30.5%e 

10.05mph 
(12.3) 
2.0 

285 
19.898 


26.9 
14,251 
4^49 


MUNI 


12-31-76 


19,266 

3.4 
65.504 


3.073.0 

75.5 
232.012 


28 2% 
9.38mph 

1.0 

115 


435 
341 
389e 

98 
128 
1,391 


6.30 

1.20 
14.46 
(11)  8.91 
4.88 


276 
84 


1  135 
0.889 
1.015 
0.255 
0.334 

3.628 


1 1.41 
8.93 

10.20 
2.56 
3  36 

36.46 


n.a 
n.a 


26,722 


19.4 
11.959 
3,376 


210 
20 
45e 

54 

329 


2.19 


0.17 
2.27 


2.86 


707 
199 


0.905 
0.086 
0.194 

0.233 

1.418 

8.49 
0.81 
1.82 

2.18 

13.30 


n.a. 
0.0732 


SEPTA 


12-31-76 
subw.-surf. 


14,836.5 
3.5 
51.928 


2.849. 7e 

67.8 
193  210 

26.9% 

9.0mph 
(11.2) 
1.0 

137 
20.800 


20.8 
9.289 
2.497 


166 
62 

107 
32 
40 

407 


1.56 

0.45 
5.14 
(7)  4.57 
2.97 


475 
128 


0.859 
0.320 
0.554 
0.166 
0.207 

2.106 


7.73 
2.88 
4.99 
1.49 
1.86 

18.95 


n.a. 

0.1128 


PAT 


12-31-76 


6.455 

5.55 
35.824 


1 .940.0 

65.6 
127,261 

28.2% 

11.8mph 
(13.6) 
1.0 

95 
20.421 


22.3 
5,707 
1.606 


I  38 
92 
140 

33 
403 


1.89 


0.97 
6.28 


4.24 


316 
89 


1.084 
0.723 
1.100 

0.259 

3.167 

12.79 
8.53 
12.98 

3.06 

37.36 


n.a. 
0.0962 


GCRTA 


12-31-76 


4,717 

7.7 
36,324 


1,249  8 

82.0 
102.484 

35.4% 

16.8mph 
(23.0) 
1.4 

57 
21,926 


13.1 
7.823 
2.772 


65 
33 
27 

22 
147 


2.95 


0.58 
2.55 


2.58 


697 
247 


0.634 
0.322 
0.263 

0.215 

1.434 

10.65 
5.41 
4.42 

3.61 

24.09 


n.a. 

0.0794 


ETS 

12-31-79 


6,256 

3.5 
21,896 


758.0 

122 
92,476 

23.6% 

18.0mph 
(22.5) 
2.0 
14 

54,142 


4.5 
20,550 
4,866 


28 
15 
20 
37 
13 
113 


4.66 

1.07 
4.44 
(5)  7.40 
8.00 


818 
194 


0.303 
0.162 
0.216 
0.400 
0.141 

1.222 

5.45 
2.92 
3.89 
7.20 
2.54 

22.00 


0.0313 
0.0865 


SEPTA 


12-31-76 
P.&W. 


2,218 

6.7 
14,860 


690.0 

85e 
58,650 

22.7% 

22.0mph 
(30.0) 
1.0 
21 

32,857 


13.6 
4,313 
979 


26 
18 
23e 

1 

5 

73e 


2.16 

0.86 
1.70e 
(1)1.00 
3.48 


805 
182 


0.442 
0.306 
0.391 
0.017 
0.086 

1.242 


9.72 
6.73 
8.60 
0.37 
1.90 

27.32 


n.a. 

9  1098- 


NJT 

12-31-76 


2,249 

2.5 
5,623 


545.0 

73.5 
40,057 

14.0% 

15.0mph 
(21.5) 
1.0 

24 
20,961 


4.3 
9.316 
1,308 


21 
8 
7 
6 
2 

44 


1.31 

0.33 
1.63 
(1)  2.00 
1.83 


910 
128 


0.524 
0.200 
0.174 
0.150 
0.050 

1.098 

7.86 
3.00 
2.61 
2.25 
0.75 

16.47 


0.0575 
n.a. 


•Includes  2.6  ml.  joint  trackage  with  RT, 
"Rate  includes  the  Media-Sharon  Hill  line. 
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Table  A -6  Part  IV: 

Selected  Peoplemover  Annual  Operating  Data 


1 .  Year  ending 

PASSENGER  USE 

i 

2.  Annual  passengers  (0001 

3.  Trip  length  (miles) 

4.  Annual  passenger-miles  (000) 

SERVICE 

5.  Annual  vehicle-miles  (000) 

6.  Places  per  vehicle 

(@  5.38  sq.  ft.  or  0.5m2) 

7.  Annual  place-miles  (000) 

8.  Passenger-miles  per  place  mile: 
load  factor 

Vehicle-miles  per  vehicle-hour: 

9.  Speed  including  layover 

10.  (excluding  layover) 

1 1 .  Weekday  cars/train 

12.  Vehicles  in  service 

13.  Annual  vehicle-miles  per  vehicle 

14.  Number  of  stations  (passenger) 

15.  Distance  between  stops  (mi.) 

TRAFFIC  DENSITY 

16.  Line-miles  (equivalent) 
16a. Track  miles 

17.  Place-miles/line  mile  (000) 

18.  Passenger-miles/line  mile  (000) 

NUMBER  OF  EMPLOYEES 
(incl.  contract  services) 

19.  Vehicle  operation 

20.  Vehicle  maintenance 

21.  Way  &  Power 

22.  Station 

23.  Administrative 

24.  TOTAL 

EMPLOYEE  RATIOS 

29.  TOTAL  employees/vehicle 

EMPLOYEE  OUTPUT 

30.  Place-miles/employee  (000) 

31.  Passenger-miles/employee  (000) 

EMPLOYEES  NEEDED 

Per  million  place-miles  of  service: 

32.  Vehicle  operation 

33.  Vehicle  maintenance 

34.  Way  &  Power 

35.  Station 

36.  Administration 

37.  TOTAL 

per  million  place-hrs.  of  service: 


Dallas 
(Airtrans) 

3-77 


Sea  Tac  Tampa 
(Westinghouse)  (Westinghouse) 


6,126 

1.4e 
8,576 


3,745.4 

29.7 
1 1 1 ,238 


7.7% 
lO.Omph 


1-2 

51 

73,439 
28 


6.4 
12.8 
17,381 
1^40 


12-76 


10,100 

0.36 
3,636 


410.6 

64.0 
26.278 

13.8% 

8.2mph 
(9.2) 
1-2 

12 
34,217 
6 

(one-way)  0.24 


0.85 
1.7 
30,915 
4,278 


10 

75 
23 

35*  +  4e** 
13 
160 


3.1 


695 
54 


38. 
39. 
40. 
41. 
42. 


Vehicle  operation 
Vehicle  maintenance 
Way  &  Power 
Station 

Administrative 


43.  TOTAL 

ENERGY  USE  kwh/place-mile 

44.  Vehicle  operation  only 

45.  Vehicle  and  wayside 

46.  Snowmelting 


0.090 
0.674 
0.207 
0.350 
0.117 
1.438 


0.90 
6.74 
2.07 
3.50 
1.17 
1438 


0.0529 
0.0945 


7.5 
13.5 

2e" 
1 

24 


2.0 


1.095 
152 


0.913 


7.49 


0.0457 
0.0818 


12-76 


14,500 

0.17 
2,465 


405.0 

62.8 
25,434 

9.7% 

6.8mph 
(8.8) 
1 

8 

50.625 
8 

0.17 


2 

6  +  5e 

2e" 
1 

16 


2.0 


1.590 
154 


0.629 


426 


Morgantown 
(Boeing) 

9-77 


1.909 

1.62 
3,092 


579.5 

19.2 
11,126 

27.8% 

9.65mph 
(16.5) 
1 

29 
19.983 
3 

1.1 


0.7  2.1 

1 .4  5.3 

36,334  5,298 

3,521  1,472 


12 

29 

1e" 
9 
51 


1.8 


218 
61 


1.079 

}  2.606 

0.090 
0.809 
4.584 

10.41 

25.99 

7.80 
44.20 


Fairlane 
(Ford  ACT) 

2-77 


250 

0.47 
118 


60.3 

30.6 
1,845 

6.4% 

9.7mph 
(17.8) 
1 

2 

30,150 
2 

0.47 


0.5 
0.6 
3,690 
236 


n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
10 


5.0 


184 
12 


5.420 


n.a.  n.a. 
0.1014  0.2606 

4,952  Btu  gas 


52.6 


n.a. 
0.1951 

0.4336  kwh  electric 


TOTAL  O  +  M  cost  in  1976$ 
O  +  M/place-mile 


2,957.6 
0.0265 


751.2 
0.0285 


478.5 
0.0188 


1,365.9 
0.1228 


395.0 
0.214 


Note:    *  Station  personnel  on  Airtrans  consists  of  passenger  service  agents:  these  may  be  subtracted  as  belonging  on  the  airport  public  relations  account. 
**  Janitorial  services  at  stations  performed  by  the  university  and  the  airports,  respectively;  their  estimated  requirements  were  added  based  on 

floor  area  of  stations. 
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TABLE  A-7 


Rapid  Transit  and  Light  Rail  Weekday  Operating  Characteristics  (as  of  the  periods  shown  in  Table  A-6) 


SYSTEM  WIDE  NYCTA 

TTC 

CTA 

BART 

WMATA 

MUCTC 

SEPTA 

MBTA 

PATH 

1.  Weekday  AM  peak  vehicles  in  use 

4,965 

410 

916 

264 

238 

282 

285 

228 

239 

2.  Ditto  as  %  of  vehicles  in  service 

74.4 

86.1 

83.7 

62.1 

82.0 

79.0 

58.2 

67.0 

80.0 

3.  Weekday  AM  peak  trains  in  use 

554 

63 

137 

33 

40 

32 

52 

57 

37 

4.  Vehicles  per  peak  hr.  train 

9.0 

6.5 

6.7 

8.0 

6 

8.8 

5.5 

4.0 

6.5 

5.  Vehicles  per  average  train 

8.0 

6.2 

4.2 

6.5 

6 

8.35 

4.7 

3.1 

5.5 

6.  Weekday  vehicle  -  miles  890,740 

104.304 

162,800 

88,274 

60,895 

78,591 

46,395 

34,281 

33,000 

7.  Weekday  vehicle  •  hours 

48,674 

5,116 

8,524e 

2,626 

2,942 

4,521 

2,651 

2,197 

1,774 

8.  Weekday  train  -  hours 

6,084 

825 

2,030 

404 

a  on 

541 

564 

708 

323 

9.  Train  hours  per  peak-hr.  train 

11.0 

13.1 

14.8 

12.2 

12.0 

icq 

1ft  ft 
1  VI. o 

19  A 

Q  7 

o.  / 

10.  Service  span,  hours 

24 

19.2 

24 

18 

18.0 

20 

24 

19.2 

24 

CBD  CORDON  RELATED 

1 1.  AM  peak  hr.  vehicle  entries,  CBD 

3,234 

R9P, 

1R? 

322 

RRO 

A  RR 

o  /O 

12.  Weekday  vehicle  entries,  CBD 

32,182 

5,878 

7,796 

1,680 

3,780 

7,137 

3,868 

3,554 

3,007 

13.  Average  round  trip  run  per  entry, 

27.7 

17.7 

20.9 

52.5 

16.1 

1 1.0 

12.0 

9.6 

11.0 

miles  (line  6  /  line  12) 

14.  Average  time  per  entry,  hrs.* 

1.51 

0.87 

1.10 

1.56 

0.78 

0.63 

0.69 

062 

0.60 

(line  11  line  12) 

ANNUAL  TO  WEEKDAY  RATIOS 

15.  Annual  VMT/ weekday  VMT 

315.7 

331 

305 

259 

301 

333 

322 

307 

302 

16.  Annual  passengers/weekday  passengers 

297.1 

286 

294 

270 

277 

r#) 

278 

n.a. 

278 

PEAKING  INDICATORS 

17.  CBD  8-9  passgr.  entries  as  %  of  day 

29.5 

23.4 

20.5 

30.4 

25.5 

22.5 

18.2 

28.7 

43.1 

18.  CBD  8-9  place  entries  as  %  of  day 

10.0 

8.0 

10.6 

10.9 

8.5 

8.2 

12.6 

9.6 

12.5 

LOAD  FACTORS  (%  places  @  5.4  sq.  ft.  occupied): 

19.  Weekday  8-9  AM  inbound  CBD  cordon 

132.8 

105.5 

76.8 

56.1 

72.2 

132.5 

61.6 

102.0 

93.9 

20.  Weekday  all  day  inbound  CBD  cordon 

45.0 

36.7 

39.8 

20.2 

24.0 

39.6 

42.7 

34.4 

27.3 

21.  Weekday  all  day  inbound  outlying 

5.7 

10.1 

10.5 

7.6 

6.6 

20.2 

15.6 

15.7 

17.9 

terminals 

22.  Annual  systemwide  average 

25.6 

17.9 

26.3 

14.0 

15.1 

26.9 

28.3 

27.9 

21.0 

TRAIN  CREW  &  SIZE 

23.  Employees/  train,  typical 

2 

2 

2 

1 

1 

2 

2 

2-3 

2 

24.  Nighttime  &  other  exceptions 

2 

2 

1 

1 

1 

2 

2 

2 

25.  Places  per  average  train 

810 

826 

349 

912 

880 

711 

512 

305 

482 

*  Theoretically,  Hours  per  entry  (round  trip)  x  Vehicles  crossing  cordon  during  peak  hr.  =  Vehicles  needed  for  peak  hr.  operation; 
hence,  line  1 :  line  11  =  line  14;  deviations  from  this  rule  in  the  table  are  due  to  various  operating  details,  e.g.,  differences  between 
peak  hour  and  average  daily  operations. 
**  Reflects  operation  of  the  eastern  extension  of  Line  1  for  half  the  year  only. 
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SEPTA LR  SEPTA 


tfARTA 

PATCO 

GCRTA 

SIRT 

TTCLR 

MBTALR 

MUNI 

PAT 

fiPRTAI R 

UV,n  1  HLn 

ETC 
C  1  o 

rOtVV 

Kl  IT 
IMJ  1 

36 

69 

81 

34 

268 

173 

96 

83e 

73 

43 

12 

12 

16 

90.2 

92.0 

69.8 

65.4 

69.4 

60.7 

83.5 

60.0 

76.8 

75.4 

85.7 

66.6 

66.6 

6 

13 

23 

10 

268 

69 

96 

83e 

73 

22 

6 

12 

16 

6 

5.3 

3.6 

3.4 

1.0 

2.5 

1 .0 

1.0 

1.0 

2.0 

2.0 

1 

10 

4.4 

3.0 

2.0 

3.06 

1.0 

1.9 

1.0 

1.0 

1.0 

1.4 

2.0 

1 

1.0 

1 1 ,900 

12.744 

12,620 

5,317 

31,332 

18,425 

10,783 

8,850 

6,179 

4,793 

2,340 

;  160 

1.960 

HOD 

004 

o,U4y 

1  ,oJ4 

1 ,149 

986 

ZOO 

98 

109 

152 

277 

86 

3,049 

957 

1,149 

986 

523 

203 

65 

98 

131 

18.2 

11.7 

12.0 

8.6 

11.4 

13.9 

12.0 

11. 8e 

7.2 

9.3 

10.8 

i.1 

8.2 

19.7 

24 

24 

23 

19 

19.8 

24 

24 

20 

24 

20 

:  ).5 

21 

72 

69 

83 

26 

n.a. 

136 

63 

73 

51 

40 

24 

14 

30 

936 

450 

644 

202 

n.a. 

859 

663 

676 

316 

252 

260 

104 

235 

12.7 

28.3 

19.6 

26.3 

n.a. 

21.4 

16.2 

13.1 

19.5 

19.0 

20.8 

8.3 

0.52 

\  .Ul 

(Job 

1  *3  1 

n.a. 

O  1 

Z.  1 

i.OZ 

1.4b 

1 .65 

1 .08 

0.5 

0.82 

0.56 

(335e) 

319 

286 

339 

322 

308 

285 

(322e) 

314 

261 

319 

319 

278 

n.3. 

270 

270 

275 

n.a. 

21.3 

38.5 

24.0 

52.9 

n.a. 

19.9 

9.5 

24.8 

30.7 

30.7 

23.2 

n.a. 

25.7 

7.7 

15.3 

12.9 

12.9 

n.a. 

8.0 

9.5 

10.8 

16.1 

15.9 

9.2 

13.5 

12.8 

86.6 

1 10.0 

99.3 

n.a. 

91.3 

66.2 

74.8 

114.1 

133.8 

71.2 

n.a. 

68.6 

34.5 

59.0 

24.1 

n.a. 

36.9 

65.9 

32.5 

59.9 

69.2 

23.2 

n.a. 

34.0 

9.6 

9.7 

0.7 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

15.6 

n.a. 

n.a. 

20.2 

24.0 

12.9 

32.9 

30.5 

26.6 

26.9 

28.2 

35.4 

21.7 

22.7 

14.0 

1 

2 

3-4 

1 

2-3 

1 

1 

1 

1-2 

1 

1 

1 

1 

1 

1 

23 

1 

1 

1 

1 

1 

1 

1 

1 

1 

642 

377 

208 

426 

67.8 

135 

75.5 

67.8 

65.6 

98.4 

240 

85e 

73.5 
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Table  A-8 

Weekday  Passengers  Entering  Rapid  Transit  Stations  by  System 

1.  NEW  YORK,  NYCTA 

Weekday  average*,  calendar  year  1976 


Station 

Line 

Passengers 

1.  Grand  Central 

IRT  Lex/Flushing 

108,810C 

2.  34th-Herald  Sq. 

IND  6th  Ave/BMT 

85,110C 

3.  Times  Square 

IRT  7th  Ave/Flush./BMT 

78,944  C 

4.  Penn  Station 

IRT  7th  Ave 

60,517C 

5.  47-50th  St. 

IND  6th  Ave 

53,929  C 

6.  Fulton  St. 

IRT  7th  Ave/Lex/IND/BMT 

53,846C 

7.  Union  Sq. 

BMT  B'way/Canarsie/IRT 

52,704C 

8.  59th  St. 

IRT  Lex/BMT 

49,685C 

9.  34th  St.(Penn  S)  IND  8th  Ave 

46,482  C 

10.  Main  St. 

IRT  Flushing 

45,759T 

11.  42nd  St.  PABT 

IND  8th  Ave. 

44,598C 

12.  Columbus  Circle  IRT  B'way/IND 

36,991  C 

13.  Chambers-WTC 

IND  8th  Ave 

36.329C 

14.  88th  St. 

IRT  Lex 

35,31 1 

'15.  42nd  St. 

IND  6th  Ave 

34,485C 

1 6.  Lexington  Ave 

IND  Queens 

33,094C 

17.  179th  St. 

IND  Queens 

31.896T 

18.  Fifth  Ave 

IND  Queens 

26.420C 

19.  W  4th  St. 

IND  6th /8th  Ave 

26,285C 

20.  Bklyn  Bridge 

IRT  Lex/BMT  Nassau 

26.191C 

21.  74th-Roosevelt 

IND  Queens/IRT  Flushing 

24,312C 

22.  23d  St. 

IRT  Lex 

23,533C 

23.  Wall-William  St. 

IRT  7th  Ave 

23,505 

24.  68th  St. 

IRT  Lex 

23.026C 

25.  Borough  Hall 

IRT  Lex/7th  Ave/BMT 

23,025 

26.  Wall-B'way 

IRT  Lex 

22,953C 

27.  96th  St. 

IRT  B'way 

22,849 

28.  51st  St. 

IRT  Lex 

22,602 

29.  77th  St. 

IRT  Lex 

21,091 

30.  72nd  St. 

IRT  B'way 

20,953 

31 .  Bowling  Green 

IRT  Lex 

20,580C 

32.  71st-Continental  IND  Queens 

20,072 

33.  Utica  Ave 

IRT  Bklyn 

19,944 

34.  Broad  St. 

BMT  Nassau 

19,920C 

35.  14th  St. 

IRT  B'way 

19,517C 

36.  Kew  Gdn's  -  Un. 

IND  Queens 

19,482 

37.  50th  St. 

IRT  B'way 

1 8,604  C 

38.  169th  St. 

IND  Queens 

18,410 

39.  57th  St. 

BMT  B'way 

18.155C 

40.  33d  St. 

IRT  Lex 

1 7,308  C 

41.  28th  St. 

IRT  Lex 

17.166C 

42. Atlantic  Ave 

IRT  Bklyn/BMT  Brighton 

16,443 

43.  23d  St. 

IND  6th  Ave 

16,053C 

44.  Jay  Boro'  Hall 

IND  8th  Ave 

15,921 

45.  Canal- Lafayet. 

BMT  B'way 

15,700C 

46.  14th  St. 

IND  6th  Ave/BMT  Canarsie 

15,682C 

47.  Parsons  Blv. 

IND  Queens 

15,548 

48.  14th  St. 

IND  8th  Ave/BMT  Canarsie 

15,524C 

49.  175th  St.  GWB 

IND  8th  Ave 

15,398 

50.  Whitehall 

BMT  B'way 

1 5,221  C 

"Weekday  average  calculated  as  annual  turnstile  passengers 
x  1.09169  (for  non-turnstile  revenue  passengers)  divided  by 
297.12  (weekday  equivalents  in  a  year).  Both  factors  vary  by 
station  from  these  systemwide  averages;  actual  counts  may  for 
instance,  be  higher  due  to  low  weekend  use,  or  due  to  more 
non-token  passengers,  such  as  school  children. 


T  =  terminal  station 
C  =  CBD  station 


51. 

125th  St. 

IND  8th  Ave 

15,120 

52. 

King's  Hwy 

BMT  Brighton 

15,098 

53. 

Flatbush  Ave 

IRT  Nostrand 

15,086 

54. 

Woodhaven  Blv 

IND  Queens 

14,669 

55. 

Fifth  Ave 

BMT  B'way 

13.754C 

56. 

145th  St. 

IND  8th  Ave 

13,485 

57. 

Delancey  St. 

IND  Houston/BMT  Jamaica 

13.258C 

58. 

63d  Drive 

IND  Queens 

12,898 

59. 

86th  St. 

IRT  B'way 

12,699 

60. 

168th  St. 

IRT  B'way/IND  8th  Ave 

12,694 

61 . 

149th  St./3d  Av  IRT  Lenox  Wh.  PI. 

12,616 

o2. 

49th  St. 

BMT  B'way 

12,346C 

o3. 

23d  St. 

BMT  B'way 

1 1.970C 

64. 

7th  Ave 

IND  Queens 

1 1,942C 

65. 

Ditmars  Blv 

BMT  Astoria 

1 1 ,820T 

66. 

161st  St. 

IND  Concourse 

1 1,790 

67. 

Church  Ave 

BMT  Brighton 

1 1,640 

68. 

125th  St. 

IRT  Lex 

1 1,387 

69. 

96th  St. 

IRT  Lex 

11,218 

70. 

Sheepshead  Bay 

BMT  Brighton 

11,184 

71. 

Dekalb  Ave 

BMT  4th  Ave 

1 1,018 

72. 

Junction  Blv 

IRT  Flushing 

10,712 

73. 

5th  Ave 

IRT  Flushing 

10,660C 

74. 

66th  St. 

IRT  B'way 

10,656 

75. 

137th  St. 

IRT  B'way 

10,634 

76. 

82nd  St.  J.  Hts. 

IRT  Flushing 

10,596 

77. 

Cortlandt-WTC 

BMT  B'way 

10,528C 

78. 

1 10th  St. 

IRT  B'way 

10,436 

79. 

103rd  St. 

I RT  B'way 

10,433 

80. 

Canal  St. 

IND  8th  Ave. 

10,41 6C 

81. 

79th  St. 

IRT  B'way 

10,345 

82. 

South  Ferry 

IRT  B'way 

10,208C 

83. 

1 16th  St. 

IRT  B'way 

10,189 

84. 

23rd  St. 

IRT  B'way 

10.138C 

85. 

23rd  St. 

IND  8th  Ave 

10,04  5C 

86. 

8th  St. 

BMT  B'way 

10.041C 

87. 

Astor  PI. 

IRT  Lex 

9,974C 

88. 

90th  St.  Elmh't. 

IRT  Flushing 

9.898 

89. 

61st  St.  Wdside 

IRT  Flushing 

9,845 

90. 

103rd  St. 

IRT  Lex 

9,805 

91. 

E.  177th  St. 

IRT  Pelham 

9,774 

92. 

Church  Ave 

IRT  Bklyn 

9,767 

93. 

Sutphin  Blv 

IND  Queens 

9,703 

94. 

135th  St. 

IRT  Lenox  WhPI. 

9,567 

95. 

205St. 

IND  Concourse 

9,474T 

96. 

Fordham  Rd. 

IND  Concourse 

9,366 

97. 

B'way— Lafay. 

IND  Houston 

9,354C 

98. 

Queens  Plaza 

IND  Queens 

9,169 

99. 

116th  St. 

IRT  Lex 

9,105 

100. 

Nostrand  Ave 

IND  8th  Ave 

9,045 

101. 

Burnside  Ave 

IRT  Lex 

9,005 

102. 

Stilwell  Ave 

IND  &  BMT 

8,933T 

103. 

Christopher 

IRT  B'way 

8,619C 

104. 

Franklin  Ave 

IRT  Bklyn 

8,582 

105. 

67th  Ave 

IND  Queens 

8,512 

106. 

1st.  Ave 

BMT  Canarsie 

8,482C 

107. 

Hoyt  St. 

IND  8th  Ave 

8,441 

108. 

50th  St. 

IND  8th  Ave 

8,427C 

109. 

49th  St. 

IRT  Flushing 

8,324 

110. 

Grand  Ave 

IND  Queens 

8,139 
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111 

111. 

1  C~7  +  U  C*. 

1  b/tn  bt. 

INU  Concourse 

o  ncc 

1  1  o 

B'way 

BMT  Astoria 

0,05/ 

l  I  o. 

I  1  A+k  C+ 

I I  utn  bt. 

IDT    1  n 

I H  I  Lex 

o,Uob 

11/1 
1  1  4. 

Grand  Ave. 

dIVI  1  Astoria 

o,U(Jy 

lib. 

E.  B'way 

1 NU  Houston 

o,UUbC 

1  1  D. 

Tremont  Ave 

1 N D  Concourse 

/,9o/ 

1  1  "7 

OR+k  c+ 

zotn  bt. 

IDT    D  't  a  i  ~i%  , 

ml  d  way 

/,obzC 

1  1  Q 

brand  bt. 

I  NU  Houston 

/,ol  I  C 

119. 

Newkirk 

IRT  Bklyn 

7,802 

120. 

46th  St. 

IRT  Flushing 

7,792 

191 
I  Z  I  . 

1 7 nth  Qt 
i  /  uin  ol. 

l-RT  1  py 

7  701 
/  ,  /  O  1 

1  00 
I  Z  Z . 

noyt  ot. 

IDT  D  Mwi-i 

in  I  oKiy n 

/ ,  /  Dy 

I  zo. 

uucdnjUur o  ri 

IRT  P  ii  ich  inn /RMT 

in  i  r lusn trig/ Divi  I  — 

7  707 
/  ,  /  Z  / 

1  94 

l  ZH. 

Dngnion  oeacn 

IMP.  Rrinhton 

i  w  u  d r ign ton 

7  700 
/ ,  /  zo 

1 9c; 

I  ZD. 

Nevins  St. 

i  n  i  d Kiy n 

7  KCC 
/,DDD 

1  OR 
I  ZD. 

1  ft  1  c  +  Q+ 
I  0  I  ST  OT. 

IMH  Qth  A  \ia 

i  in u  otn  Ave 

7  CO/1 
/,Do4 

1  97 
I  Z  /  . 

Chambers  St. 

IDT  D  \a/-3\/ 

mi  d  way 

/  ,zyyc 

1  OP 
I  zo. 

NcWK  1  r  K 

RMT  R  rinhtnn 

d ivi  i  d rignTon 

7  0P0 
/  ,zoo 

129. 

Prospect  Ave. 

IRT  Lenox  WhPI. 

7,1 17 

130. 

207th  St. 

IND  8th  Ave 

7,1  03T 

101 
I  J  I. 

nector  ot. 

divi  I  b  way 

7  H7  n  o 
/,U/UO 

1  OO 
I  OZ. 

OR+k  c+ 

zotn  bt. 

D  ft,  l\  T  D'iki-mj 

dm  I  b  way 

7  n^op 
/,U4zL 

I  JO. 

1  O  C+k  C+ 

i  zbtn  bt. 

1  n  1  Lenox  Wnrl. 

7  r»  1  c 
/,(J  I  b 

1  04 

Pit\/  Ul-sll 

uity  nan 

tsivi  i  d  way 

/,U1  oL 

1  o  c 
1  OD. 

Houston  St. 

1 R  I  a  way 

7,01  1  C 

I  ob. 

Elmhurst 

l  ft  i  t  \   t  \ ,  ,  

IND  Queens 

6,440 

1  07 

To/. 

Utica  Ave 

IMP.  O+k    A  .  ,  - 

INU  otn  Ave 

b,914 

138. 

1 04  St.  Corona 

IRT  Flushing 

6,913 

139. 

Soundview 

IRT  Pelham 

6,874 

140. 

Steinway  St. 

IND  Queens 

6,815 

141. 

Myrtle  Ave 

BMT  Canarsie 

6,787 

142. 

1 70th  St. 

IND  Concourse 

6,764 

143. 

1 77th  St. 

1 RT  Lenox  WhPI. 

6,505 

1 44. 

Euclid  Ave 

i  ft  i  i — \  o  .*  i  a 

IND  8th  Ave 

6,488 

1 45. 

167th  St. 

IRT  Lex 

6,478 

1  A  C 

1 4b. 

2nd  Ave 

IND  Houston 

6,404C 

1  A  7 

14/. 

OC  +  k  c+ 

obth  bt. 

BM  1  4th  Ave 

6,366 

1  /I  Q 
I  4o. 

Rockaway  Pk. 

dM  1  Canarsie 

6,31 7T 

149. 

Fordham  Rd. 

IRT  Lex 

6,301 

150. 

181st  St. 

IRT  B'way 

6,289 

1  D  I  . 

DeoToro  Ave. 

I iNi u  concourse 

Of£.  /  U 

1  £0 
I  Dz. 

Kingsbridge  Rd 

.IND  Concourse 

1  SO 
I  Do. 

Church  Ave 

UnU  uoney  Island 

o,z  1  1 

1  R4 
I  DH. 

rrospeci  rK 

divi  i  DrignTon 

o,  i  yy 

\  I  DD . 

1  CR+k  Ct 

i do i n  oi . 

divi  i  Jamaica 

a  1  qct  \ 

I  DD. 

remain  Bay  rK. 

IDT    D      f  ^  -.  rv^ 

I  n  t  reinam 

1  R7 
ID/. 

Sutter  Ave 

IDT  Dl/lwn 

1  n  1  oKiy  n 

O,  1  44 

1  KR 
I  Do. 

'♦ytn  ot.  Lowry 

IDT  ri,  ,f  u  ',  „ 

.1  n  I  riusning 

b,  I  I  o 

I  D3 . 

Marcy  Ave 

divi  I  Jamaica 

c  1  nn 
b,  I  UU 

160. 

Ave  U 

BMT  Brighton 

6,090 

161. 

Simpson  St. 

IRT  Lenox  WhPI. 

6,052 

162. 

1 57th  St. 

IRT  B'way 

5,989 

163. 

Hunts  Pt. 

IRT  Pelham 

5,956 

164. 

46th  St. 

IND  Queens 

5,919 

165. 

Grand  Army  PI 

IRT  Bklyn 

5,877 

166. 

Hoyt  Ave 

BMT  Astoria 

5,788 

167. 

86th  St. 

IND  8th  Ave 

5,720 

168. 

200th  St. 

IND  8th  Ave 

5,716 

169. 

57th  St. 

IND  6th  Ave 

5,708C 

170. 

95th-Ft.  Ham. 

BMT  4th  Ave 

5,703T 

171 

Canal  St. 

BMT  B'way 

5.664C 

1  72 

Kingston— Thrp  IND  8th  Ave 

5,652 

1  7  O 

1  /o 

Winthrop  St. 

IRT  Bklyn 

5,632 

1  7  yl 
1/4 

Lawrence  St. 

BMT  4th  Ave 

5,624 

i  7  C 

1  /b 

59th  St. 

BMT  4th  Ave 

5,612 

1  /b 

Greenpoint  AveIND  Bklyn  crosst. 

5,599 

17  7 
1  /  / 

Bay  Ridge  Ave  BMT  4th  Ave 

5,564 

1  7Q 

I  /o 

161st  St. 

IRT  Lex 

5,534 

179. 

33rd  St./Rawsn.lRT  Flushing 

5,500 

180. 

4th  Ave/9th  St.  IND  Coney  Isl./BMT 

5,416 

1  Q  1 

81st  St. 

IND  8th  Ave 

it  ono 

1  PO 
I  OZ 

174th  St. 

IRT  Lenox  WhPI 

c  oco 
b,obo 

1  PO 
I  oo 

125th  St. 

IRT  B'way 

r  ocn 
b,obU 

1  PA 
I  o^t. 

Sterling  PI. 

IRT  Bklyn 

c  on 
D,o  I  / 

1  PR 
I  OD. 

Kingsbridge  Rd  IRT  Lex 

b,zyb 

1  Pfi 

Van  Wyck 

.1  NU  Queens 

c;  oro 

D,ZOO 

1  P7 
lo/. 

Lefferts  Bl. 

IMH  O  +  k   A  . 

I  NU  otn  Ave 

b,zUb  1 

1  PP 
I  oo. 

96th  St. 

INU  otn  Ave 

E  1  Q7 
D,  I  ol 

189. 

7th  Ave 

INU  Coney  Isl. 

5,164 

190. 

149th  St. 

IDT   1   « .. 

1 R  1  Lex 

5,090 

1  Q  1 

i  y  i . 

Jackson  St. 

IDT   1    ~  ■  .  -  VA/kDI 

1  n  1  Lenox  WhPI. 

c  n£o 

D,UDZ 

1  QO 

i  yz. 

Elder  Ave 

idt  n~ 1 1  

1 R  1  Pelham 

A  QRA 

't,yo'+ 

1  no 
i  yo. 

Ave  J 

BMT  Brighton 

4,ybU 

1  CiA 

I  y4. 

176th  St. 

IRT  Lex 

a  nic 

4,y  I  b 

1  on 

1 9b. 

Nassau  Ave 

IND  Bklyn  crosst. 

4,906 

1  yb. 

86th  St. 

| — >  f\  /l  T    ,1.1  n 

BMT  4th  Ave 

4,90b 

1  n7 

19/. 

Saratoga  Ave 

IRT  Bklyn 

a  cir\A 

1 98. 

Pacific  St. 

BMT  4th  Ave 

4,887 

199. 

174th  St. 

IND  Concourse 

4,883 

200. 

Vernon/Jksn. 

IRT  Flushing 

4,849 

201. 

11 1th  St.  Crna 

IRT  Flushing 

4,830 

202. 

191st  St. 

IRT  B'way 

4,830 

203. 

Gun  Hill  Rd. 

IRT  Dyre 

4,810 

204. 

Carroll  St. 

IND  Coney  Isl. 

4,753 

205. 

183d  St. 

IND  Concourse 

4,1 01 

206. 

Washington  Av 

BMT  Astoria 

A  POO 

4,688 

207. 

138th  St. 

IRT  Pelham 

A    CO  1 

4, 681 

208. 

Kingston  Ave 

IRT  Bklyn 

4,674 

209. 

145th  St. 

IRT  B'way 

4,612 

210.  7th  Ave 

BMT  Brighton 

4,643 

211. 

18th  St. 

IRT  7th  Ave 

4,b39C 

212. 

Cortlandt-WTC 

IRT  7th  Ave 

A  m  A  o 

4,bo4C 

213. 

116th  St. 

IRT  Lenox  Wh.  PI. 

A  G07 
4,bz  / 

214. 

Brook  Ave 

IRT  Pelham 

a  cn  1 
4, by  I 

215. 

Bedford  Ave 

BMT  Canarsie 

a  cnn 
4, ball 

216. 

Bleeker  St. 

IRT  Lex 

4,boOC 

217. 

231st  St. 

IRT  B'way 

4,474 

218. 

Rockaway  Blv 

IND  8th  Ave 

A  AT3 

4,4/o 

219. 

Mt.  Eden 

IRT  Lex 

a  a  fin 
4,4bU 

220.  52nd  St./Linc. 

IRT  Flushing 

4,429 

221. 

Dyckman  St. 

IRT  B'way 

4,425 

222. 

Northern  Blv 

IND  Queens 

4,424 

223. 

Ave  M 

BMT  Brighton 

4,423 

224. 

Bergen  St. 

IND  Coney  Isl. 

4,422 

225. 

Bay  Parkway 

BMT  West  End 

4,402 

226. 

Spring  St. 

IND  8th  Ave 

4,400C 

227. 

Pelham  P'way 

IRT  Lenox  WhPI 

4,393 

228. 

Rector  St. 

IRT  7th  Ave 

4,389C 

229. 

Mosholu  P'way 

IRT  Lex 

4,371 

230. 22nd  Ave 

BMT  Sea  Beach 

4,323 
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231. 

Penn  Ave 

IRT  Bklyn 

4,302 

232. 

Beverly  Rd. 

IRT  Bklyn 

4,290 

233. 

Ely  Ave 

IND  Queens 

4,287 

234. 

Clark  St 

IRT  Bklyn 

4,280 

235. 

77th  St. 

BMT  4th  Ave 

4,274 

236. 

Parkside  Ave 

BMT  Brighton 

4,212 

237. 

Prince  St. 

BMT  B'way 

4,208C 

238. 

Myrtle  Ave 

BMT  Jamaica 

4,160 

239. 

1 83d  St. 

IRT  Lex 

4,154 

240. 

72nd  St. 

IND  8th  Ave 

4,128 

241. 

F lush ing  Ave 

BMT  Jamaica 

4,1 19 

242. 

Castle  HiN 

IRT  Pelham 

4,1 12 

243. 

Metro.  /Lorimer 

IND  crosst./BMT 

4,061 

244. 

242d  St. 

IRT  B'way 

4,059 

245. 

Gates  Ave 

BMT  Jamaica 

4,049 

246. 

Grant  Ave 

IND  8th  Ave 

4,041 

247. 

45th  St. 

BMT  4th  Ave 

3,987 

248. 

Ralph  Ave 

IND  8th  Ave 

3,985 

249. 

Eastern  Pk'way 

IRT  Bklyn 

3,981 

250. 

18th  Ave 

IND  Coney  I  si . 

3,981 

251. 

1 10th  St. 

IRT  Lenox  WhPI. 

3,926 

252. 

Rockaway  Ave 

IRT  Bklyn 

3,904 

253. 

Ft.  Hamiltion  P'way 

BMT  Sea  Beach 

3,897 

254. 

1 8th  Ave 

BMT  Sea  Beach 

3,884 

255. 

50th  St. 

BMT  West  End 

3,874 

256. 

Westchester  Ave 

IRT  Pelham 

3,871 

257. 

High  St. 

IND  8th  Ave 

3,846 

258. 

163d  St. 

IND  8th  Ave 

3,840 

259. 

Nostrd.  Ave/E  P'way  IRT  Bklyn 

3,81 1 

260. 

Park  PI. 

IRT  7th  Ave 

3.763C 

261. 

Cortelyou  Rd. 

BMT  Brighton 

3,737 

262. 

Woodlawn 

IRT  Lex 

2,1211 

263. 

E.  241st  St. 

IRT  Lenox  WhPI. 

3,724T 

264. 

53d  St. 

BMT  4th  Ave 

3,724 

265. 

DeKalb  Ave 

BMT  Canarsie 

3,706 

266. 

E.  233d  St. 

IRT  Lenox  WhPI. 

3,706 

267. 

Fort  Hamilton  P'way  BMT  West  End 

3,666 

268. 

New  Lots  Ave 

IRT  Bklyn 

3^603 

269. 

Spring  St. 

IRT  Lex 

3.579C 

270. 

Willets  Pt. 

IRT  Flushing 

3,542 

271. 

Halsey  St. 

BMT  Jamaica 

3,542 

272. 

Ditmas  Ave 

IND  Coney  I  si . 

3,536 

273. 

Bedf  ord/Nostrand 

IND  Bklyn  Crosst. 

3,512 

274. 

Clinton/Wash. 

IND  8th  Ave 

3,495 

275. 

St.  Lawrence 

IRT  Pelham 

3,482 

276. 

Allerton  Ave 

IRT  Lenox  WhPI. 

3,470 

277. 

Clinton/Wash. 

IND  Bklyn  crosst. 

3,450 

278. 

155th  St. 

IND  Concourse 

3,382 

279. 

8th  Ave 

BMT  Sea  Beach 

3,381 

280. 

Kings  H'way 

BMT  Sea  Beach 

3,365 

281. 

Rockaway  Blv 

IND  8th  Ave 

3,323 

282. 

79th  St. 

BMT  West  End 

3,321 

283. 

Gun  Hill  Rd. 

IRT  Lenox  WhPI. 

3,314 

284. 

Graham  Ave 

BMT  Canarsie 

3,302 

285. 

Liberty  Ave 

IND  8th  Ave 

3,293 

286. 

190th  St. 

IND  8th  Ave 

3,288 

287. 

20th  Ave 

BMT  West  End 

3,283 

288. 

Buhre  Ave 

IRT  Pelham 

3,243 

289. 

1 16th  St. 

IND  8th  Ave 

3,242 

290. 

E.  225th  St. 

IRT  Lenox  WhPI. 

3,241 

291. 

1 10th  St. 

IND  8th  Ave 

3,237 

292. 

36th  St. 

IND  Queens 

3,208 

293. 

Fresh  Pond 

BMT  Myrtle 

3,204 

294. 

Prospect  Park 

IND  Coney  Isl. 

3,195 

295. 

Union  St. 

BMT  4th  Ave 

3J84 

296. 

18th  Ave 

BMT  West  End 

3,177 

297 

Metropolitan  Ave 

BMT  Mvrtle 

3,173 

298. 

E.  180th  St. 

IRT  Lenox  WhPI. 

3,1 05T 

299. 

Neck  Rd. 

BMT  Brighton 

3,051 

300. 

Canal  St. 

IRT  7th  Ave 

3,027C 

301. 

55th  St. 

BMT  West  End 

3,014 

302. 

B'way  East  NY 

IND  8th  Ave/BMT 

3,006 

303. 

Halsey  St. 

BMT  Canarsie 

2,987 

304. 

135th  St. 

IND  8th  Ave 

2,971 

305. 

Mott  Ave 

IND  Rockaway 

2,925T 

306. 

Freeman  Ave 

IRT  Lenox  WhPI. 

2,894 

307. 

Jefferson  St. 

BMT  Canarsie 

2,834 

308. 

Ocean  P'way 

BMT  Brighton 

2,833 

309. 

225th  St. 

IRT  B'way 

2,824 

310. 

President  St. 

IRT  Bklyn 

2,820 

311. 

E.  149th  St. 

IRT  Pelham 

2,801 

312. 

Prospect  Ave 

BMT  4th  Ave 

2,763 

313. 

Dyre  Ave/233  St. 

IRT  Dyre 

2,699T 

314. 

Kings  Highway 

IND  Coney  Isl. 

2,692 

315. 

Franklin  Ave 

IRT  B'way 

2,684 

316. 

103d  St. 

IND  8th  Ave 

2,682 

317. 

Cypress  Ave 

IRT  Pelham 

2,664 

318. 

Smith/9th  St. 

IND  Coney  Isl. 

2,645 

319. 

45th  Road 

IRT  Flushing 

2,625 

320. 

9th  Ave 

BMT  West  End 

2,617 

321. 

Burke  Ave 

IRT  Lenox  WhPI. 

2,614 

322. 

Van  Siclen 

IRT  Bklyn 

2,614 

323. 

Shepherd  Ave 

IND  8th  Ave 

2,598 

324. 

69th/Fisk  Ave 

IRT  Flushing 

2,588 

325. 

Franklin  Ave 

IND  8th  Ave 

2,581 

326. 

238th  St. 

IRT  B'way 

2,581 

327. 

145th/Lenox 

IRT  Lenox  WhPI. 

2,574 

328. 

Canal  St. 

IRT  Lex 

2,574C 

329. 

Lorimer 

BMT  Jamaica 

2,554 

330. 

Grand  St. 

BMT  Canarsie 

2,521 

331. 

Canal  St 

BMT  Nassau  Loop 

2.475C 

332. 

Myrtle/Willoughby 

IND  B'way  crosst. 

2,517 

333.71st  St. 

BMT  West  End 

2,460 

334. 

155th  St. 

IND  8th  Ave 

2,459 

335. 

Ave  X 

IND  Coney  Isl. 

2,441 

336. 

Ave  H 

BMT  Brighton 

2,414 

337. 

Morgan  Ave 

BMT  Canarsie 

2,397 

338. 

E.  219th  St. 

IRT  Lenox  WhPI. 

2,394 

339. 

Baychester  Ave 

IRT  Dyre  Ave 

2,376 

340.  75th  Ave 

IND  Queens 

2,369 

341. 

Ave  N 

IND  Coney  Isl. 

2,362 

342. 

Kosciusko  St. 

BMT  Jamaica 

2.357 

343. 

Bergen  St. 

IRT  Bklyn 

2,335 

344. 

E.  105th  St. 

BMT  Canarsie 

2,329 

345. 

25th  Ave 

BMT  West  End 

2^318 

346. 

New  Utrecht  Ave 

BMT  Sea  Beach 

2,310 

347. 

Ft.  Hamilton  Pk'way  IND  Coney  Isl. 

2,307 

348. 

Hewes  Ave 

BMT  Jamaica 

2,292 

(349. 

Sutphin  Blvd. 

BMT  Jamaica 

2,280) 

350.  Lafayette  Ave 

IND  8th  Ave 

2,261 
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351 

Classon  Ave 

IND  Bklyn  crosst. 

2,242 

41 1.  1  11th  St. 

BMT  Jamaica 

999 

352 

20th  Ave 

BMTSea  Beach 

2,221 

412.  Park  PI. 

BMT  Brighton 

995 

353 

207th  St. 

IRT  B'way 

2,182 

413.  Holland 

IND  Rockaway 

955 

354. 

3d  Ave 

BMT  Canarsie 

2,176 

414.  Atlantic  Ave 

BMT  Canarsie 

915 

355. 

R  'w  ay/ 
u  vv  o  y 

IND  Rk I vn  rrnsst 

2,1 76C 

4 1  R   Rnrkawpiv  Park 

I  l\l  D  Rnrk,^\A/p\/ 
i  i  m  u  MU^tvcivvoy 

356 

Van  Siclen  Ave. 

IND  Coney  Isl. 

'2^1 64 

416.  Van  Alst  Ave 

IND  Bklyn  crosst. 

871 

357. 

Montrose  Ave 

BMT  Canarsie 

2,134 

417.  Fulton 

IND  Bklyn  crosst. 

834 

358. 

W.  8th  St. 

BMT/IND  Coney 

Isl. 2,092 

418.  Wyckoff  Ave 

BMT  Myrtle  Ave 

810 

359. 

Sutter  Ave 

BMT  Canarsie 

2,069 

419.  Whitlock  Ave 

IRT  Pelham 

758 

360. 

Van  Siclen  Ave 

IND  8th  Ave 

2,065 

420.  Alabama  Ave 

BMT  Jamaica 

754 

361. 

65th  St. 

IND  Queens 

2,048 

421.  Howard  Beach 

IND  Rockaway 

743 

362. 

Ave  U 

BMT  Sea  Beach 

2,037 

422.  Metropolitan  Ave 

BMT  Jamaica 

690 

363. 

Chauncey  St. 

BMT  Jamaica 

2,015 

423.  Botanical  Garden 

BMT  Brighton 

684 

364. 

148th/Lenox 

IRT  Lenox  Wh.  P 

.    2,01 0T 

424.  Bowery 

BMT  Nassau  Loop 

590C 

365. 

Crescent  St. 

BMT  Jamaica 

1,994 

425.  215th  St. 

IRT  B'way 

564 

366. 

Intervale  Ave 

IRT  Lenox  WhPI 

1,984 

426.  Court  Sq. 

IND  Bklyn  crosst. 

545 

367. 

Knickerbocker  Ave 

BMT  Myrtle  Ave 

1,973 

427.  Aqueduct 

IND  Rockaway 

540 

368. 

Wilson  Ave 

BMT  Canarsie 

1,947 

428.  Bushwick 

BMT  Canarsie 

539 

369. 

Longwood  Ave 

IRT  Pelham 

1,946 

429.  Frank  Ave 

IND  Rockaway 

537 

370. 

Pelham  Pk'way 

IRT  Dyre 

1,945 

430.  Queens  Blv 

BMT  Jamaica 

492 

371. 

Forest  Ave 

BMT  Myrtle 

1,917 

431 .  Cypress  Ave 

BMT  Jamaica 

482 

372. 

86th  St. 

BMT  Sea  Beach 

1,911 

432.  Playland 

IND  Rockaway 

441 

373. 

Bay  50th  St. 

BMT  West  End 

1,883 

433.  Seaside  Blv 

IND  Rockaway 

413 

374. 

Beebe  Ave 

BMT  Astoria 

1,870 

434. 22d  Ave 

IND  Coney  Isl. 

362 

375. 

Ave  P 

IND  Coney  Isl. 

1,857 

435.  Franklin  Ave 

BMT  Brighton 

362 

376. 

Hudson  St. 

IND  8th  Ave 

1,854 

436.  Broad  Channel 

IND  Rockaway 

301 

377. 

Beverly  Rd. 

BMT  Brighton 

1,840 

437.  Edgemere 

IND  Rockaway 

272 

378. 

25th  St. 

BMT  4th  Ave 

1,839 

438.  62d  St. 

BMT  West  End 

259 

379. 

Van  Siclen 

BMT  Jamaica 

1,814 

439.  Dean  St. 

BMT  Brighton 

179 

380. 

Cleveland 

BMT  Jamaica 

1,810 

TOTAL 

3,400,973 

381. 

York  St. 

IND  Houston 

1,777 

CBD 

1,459,475 

382. 

Norwood 

BMT  Jamaica 

1,731 

Terminals 

163,641 

383. 

New  Lots  Ave 

BMT  Canarsie 

1,720 

384. 

Bedford  Ave 

IRT  Lex 

1,700 

(  )  Stations  in  parentheses  closed. 

385. 

Ave  I 

IND  Coney  Isl. 

1,684 

386. 

E.  238th  St. 

IRT  Lenox  WhPI. 

1,670 

2.  NEW  YORK,  SIRT 

387. 

Boyd  Ave 

1 N  D  8th  Ave 

1,667 

Typical  Weekday,  November  1977 

388. 

138th  St. 

IRT  Lex 

1,656 

389. 

Woodhaven  Blv 

BMT  Jamaica 

1,640 

1 .  St.  George 

6,800  C 

390. 

Forest  Ave 

BMT  Jamaica 

1,630 

2.  Great  Kills 

1,639 

3  Oakwood  Heights 

1,505 

391. 

Flushing  Ave 

IND  Bklyn  crosst 

1,584 

4.  Eltingville 

1,130 

392. 

Ave  U 

IND  Coney  Isl. 

1,563 

5.  Huguenot 

1,122 

(393. 

160th  St. 

BMT  Jamaica 

1,504) 

6.  New  Dorp 

816 

394. 

Straiton  Ave 

IND  Rockaway 

1,483 

7.  Grant  City 

671 

395. 

Middletown  Rd. 

IRT  Pelham 

1,479 

8.  Grasmere 

665 

396. 

Junius  St. 

IRT  Bklyn 

1,432 

9.  Dongan  Hills 

644 

397. 

Morris  Rd. 

IRT  Dyre 

1,381 

10.  Bay  Terrace 

532 

398. 

Zerega  Ave 

IRT  Pelham 

1,358 

399. 

Bronx  Pk.  E. 

IRT  Lenox  WhPI. 

1,350 

1 1 .  Annandale 

507 

400. 

Greenwood  Ave 

IND  8th  Ave 

1,304 

12.  Old  Town 

348 

13.  Jefferson  Ave 

304 

401. 

Wavecrest  Ave 

IND  Rockaway 

1,302 

14.  Princess  Bay 

269 

402. 

E.  143d  St. 

IRT  Pelham 

1,297 

1 5.  Pleasant  Plains 

209 

403. 

Elderts  La. 

BMT  Jamaica 

1,280 

16.  Tottenville 

200T 

404. 

Livonia  Ave 

BMT  Canarsie 

1,203 

17.  Tomkinsville 

191 

405. 

Seneca  Ave 

BMT  Myrtle 

1,137 

18.  Clifton 

188 

406. 

Central  Ave 

BMT  Myrtle 

1,131 

19.  Atlantic 

167 

407. 

1 02d  St. 

BMT  Jamaica 

1,111 

20.  Nassau 

113 

408. 

121st  St. 

BMT  Jamaica 

1,106 

409. 

Gaston  Ave 

IND  Rockaway 

1,061 

21.  Stapleton 

93 

410. 

Oxford  Ave 

IND  8th  Ave 

1,034 

22.  Richmond  Valley 

77 

TOTAL 

18,190* 

*Note:  Expanded  from  1 2-hour  count  of  16,551 . 
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3.  NEW  YORK,  PATH 

Typical  Weekday,  Spring  1977 


1 .  World  Trade  Center 

Dt. 

41 ,250C 

2.  Hoboken 

Upt. 

28,589T 

3.  30-33d  St. 

Upt. 

18,370C 

4.  Newark 

Dt. 

18,329T 

5.  Journal  Square 

Dt. 

18,015 

6.  Grove  St. 

Dt. 

6,284 

7.  Exchange  Place 

Dt. 

3,887 

8.  14th  St. 

Upt. 

3,029C 

9.  23d  St. 

Upt. 

2,896C 

10.  Harrison 

Dt. 

2,472 

11.  9th  St. 

Upt. 

1,942C 

12.  Christopher  St. 

Upt. 

1,041C 

13.  Pavonia 

Upt. 

380 

TOTAL 

146,484 

CBD 

68,528 

Terminals 

46,918 

4.  TORONTO,  TTC 

Feb. 

Feb. 

Typical  Weekday 

1980 

1977 

1. 

Bloor-Yonge 

Bloor-Yonge 

34,1 98C 

34,483 

2 

Islington 

Bloor 

30,439T 

31 ,643 

\—  nl  i  ntnn 
l_  y  1 1  ii  iu  1 1 

Yonge 

29,936 

33^263 

4 

Queen 

Yonge 

29,299C 

40,424 

5 

Dundas 

Yonge 

27,620C 

19^324 

6. 

Finch 

Yonge 

27.172T 

25,059 

7. 

Warden 

Danforth 

26,21 3T 

22,539 

8 

King 

Yonge 

25.556C 

24,263 

9. 

Union 

University 

23,955C 

2 1 ,91 5 

10. 

St.  Clair 

Yonge 

18,615 

R07 

11. 

Sheppard 

Yonge 

18,552 

1  R  R7Q 

12. 

College 

Yonge 

17,722C 

13. 

Bay 

Bloor 

17,400C 

1  R  R7? 

14. 

Bathurst 

Bloor 

16,527 

Zj,  /  OKJ 

15. 

Pape 

Danforth 

16,156 

18,028 

16. 

Queen's  Park 

University 

14,139C 

14',033 

17. 

Victoria  Park 

Danforth 

14.010 

15,788 

18. 

Broadview 

Danforth 

13,768 

15,320 

19. 

Spadina 

Bloor-Spadina  13,768 

12,747 

20. 

Wellesley 

Yonge 

13,377C 

12,213 

21. 

St.  Andrew 

University 

13,048C 

10,747 

22. 

Dundas  West 

Bloor 

12,616 

9,592 

23. 

St.  Patrick 

University 

1 1 ,926C 

11,130 

24. 

St.  Clair  West 

Spadina 

11,234 

25. 

York  Mills 

Yonge 

11,179 

13,497 

26. 

Ossington 

Bloor 

10,924 

14,889 

27. 

Main 

Danforth 

10,793 

10,180 

28. 

Wilson 

Spadina 

10,419T 

29. 

St.  George 

Bloor-Univ. 

10,395C 

14,735 

30. 

Royal  York 

Bloor 

10,376 

9,218 

31. 

Sherbourne 

Danforth 

10,361 

9,553 

32. 

Davisville 

Yonge 

10,285 

12,668 

33. 

Lawrence 

Yonge 

10,237 

14,364 

34. 

Jane 

Bloor 

9,434 

11,265 

35. 

Osgoode 

University 

9,285C 

8,528 

36. 

Lansdowne 

Bloor 

8,885 

10,635 

37. 

Dufferin 

Bloor 

8,836 

11,469 

38. 

Runnymede 

Bloor 

7,693 

8,528 

39. 

Woodbine 

Danforth 

7,184 

8,846 

40. 

Eglinton  West 

Spadina 

6,873 

41 . 

Coxwell 

Danforth 

6,625 

7,677 

42. 

Keele 

Bloor 

6,200 

6,231 

43. 

Lawrence  West 

Spadina 

5,126 

44. 

Greenwood 

Danforth 

5,1 1 1 

4,973 

45. 

Donlands 

Danforth 

5,030 

4,701 

46. 

High  Park 

Bloor 

4,938 

5,328 

47. 

Yorkdale 

Spadina 

4,783 

48. 

Christie 

Bloor 

4,525 

4,924 

49. 

Museum 

University 

4,1 96C 

3,635 

50. 

Dupont 

Spadina 

3,963 

51 . 

Castle  Frank 

Danforth 

3,559 

4,014 

52. 

Rosedale 

Yonge 

3,425 

4,380 

53. 

Old  Mill 

Bloor 

2,845 

2,805 

54. 

Summerhill 

Yonge 

2,621 

3,224 

55. 

Chester 

Danforth 

2,488 

2,887 

r  ,- 

oo. 

Glencairn 

Spadina 

2,149 

1  7 

57. 

Kennedy 

Danforth 

u.c.T 

58. 

Kipling 

Bloor 

u.c.T 

TOTAL 

697,989 

692,827 

CBD 

252,116 

256,866 

Terminals 

94,243 

7Q  941 

5.  MONTREAL,  MUCTC 

Sept. 

Fall 

Typical  Weekday 

1980 

1976 

1  . 

McGill 

Line  1 

36,820C 

31 ,846 

2. 

Berri 

1+2+4 

36,758C 

27,536 

3. 

Henri-Bourassa 

Line  2 

33,999T 

32,882 

4. 

Longueuil 

Line  4 

31 ,875T 

30,605 

5. 

Atwater 

Line  1 

29,323C 

42,1 18 

6. 

Guy 

Line  1 

25,046C 

21,932 

7. 

Jean-Talon 

Line  2 

24,833 

22,626 

8. 

Pie  IX 

Line  1 

24,467 

10,987 

9. 

Peel 

Line  1 

23.859C 

22,756 

10. 

Place-des-Arts 

Line  1 

22,950C 

21,087 

11. 

Honore-Beaugrand    Line  1 

20,187T 

17,607 

12. 

Sauve 

Line  2 

20,1  50 

21 ,928 

13. 

Cremazie 

Line  2 

18,935 

18,257 

14. 

Laurier 

Line  2 

18,336 

21 ,214 

15. 

Sherbrooke 

Line  2 

15,069 

16,254 

16. 

Square  Victoria 

Line  2 

14,747C 

14,101 

17. 

Bonaventure 

Line  2 

13,389C 

17,281 

18. 

Beaubien 

Line  2 

1 3,271 

1  (2  OOP 

1  b,23b 

19. 

Rosemont 

Line  2 

1 2,21 1 

13,410 

20. 

Jarry 

Line  2 

1 1,868 

13,828 

21. 

Angrignon 

Line  1 

10,801 

22. 

Mont-Royal 

Line  2 

10,468 

1 1 ,853 

23. 

Place-d'Armes 

Line  2 

10.402C 

10,318 

24. 

Papineau 

Line  1 

9,751 

10,440 

25. 

Radisson 

Line  1 

9,1 10 

7,41 1 

26. 

Viau 

Line  1 

8,745 

7,736 

27. 

Cadillac 

Line  1 

8,635 

7,526 

28. 

Lionel-Groulx 

Line  1+2 

8,367 

29. 

Langelier 

Line  1 

8,352 

7,163 

30. 

Jolicoeur 

Line  1 

7,765 

31. 

Frontenac 

Line  1 

7,641 

9,835 

32. 

Champ-de-Mars 

Line  2 

7,534C 

6,419 

33. 

Joliette 

Line  1 

6,374 

3,941 

34. 

De  I'Eglise 

Line  1 

5,665 

35. 

LaSalle 

Line  1 

5,420 

36. 

Place  Saint  Henri      Line  2 

4,750 

37. 

Verdun 

Line  1 

4,339 

38. 

St-Laurent 

Line  1 

4.302C 

4,454 
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39. 

L'Assomption 

Line  1 

3,941 

3,105 

40. 

Beaudry 

Line  1 

3,364C 

3,484 

41. 

Monk 

Line  1 

3,170 

42. 

Prefontaine 

Line  1 

2,913 

2,639 

43. 

Charlevoix 

Line  1 

2,857 

44. 

Georges-Vanier 

Line  2 

643 

45. 

Lucien-l'Allier 

Line  2 

em  "7 

597 

46. 

Ste-Helene 

Line  4 

534 

366 

TOTAL 

604,533 

531,181 

CBD 

228,494 

223,332 

Terminals 

86,061 

81,094 

6.  CHICAGO,  CTA 

Weekday,  November  1976 


1    r»cr*u  o+ 

i .  95th  bt. 

Wo 

Zo,  /OU  T 

2.  Washington 

M  C 
Nb 

zU,bbO  C 

3.  Washington 

1  Al  M\ A/ 

WNW 

1 4,400  C 

a      i    xx               r%  i 

4.  Jefferson  Park 

\  A  /  IVIIAJ 

WNW 

1  o  rnA  t 

1  J, 500  T 

r*       A    1              ft  A  1    1  1 

5.  Adams/Wabash 

Loop 

1 1 ,850  C 

6.  Jackson 

IV  1  C 

Nb 

1 1  ,b50  C 

7.  Clark/Lake 

Loop 

1 0,500  C 

8.  Chicago 

NS 

1 0,300  C 

9.  Lake  Transfer 

iaimixi 

WNW 

1 0,200  C 

10.  79th  St. 

ws 

10,050 

11.  Randolph/Wabash 

Loop 

9,9500 

12.  Monroe 

lAf  Ml  AJ 

WNW 

9,650C 

13.  Howard 

NS 

9,600 

14.  69th  St. 

WS 

9,400 

1  5.  Monroe 

Nb 

9,300C 

1 6. Jackson 

WNW 

9,1 00C 

17.  State/Lake 

Loop 

9,000  C 

18.  87th  St. 

WS 

8,350 

19.  U  of  l/Halsted 

WNW 

"7  ocn 

20.  Madison/Wabash 

1  A  n  n 

Loop 

~7  c  nn  /■» 

/,bOOC 

21.  Logan  Square 

lAfMIAJ 

WNW 

"7  OCA 

/,3b0 

22.  Fullerton 

Nb 

c  a  a  n 

b,4b0 

23.  Loyola 

MC 

Nb 

b,9bU 

24.  Ashland 

NS 

5,600T 

25.  Morse 

NS 

5,300 

26.  Wilson 

NS 

5,150 

27.  Bryn  Mawr 

NS 

4,950 

28.  Grand 

NS 

4,950 

29.  Harlem 

WS 

4,800T 

30.  Belmont 

NS 

4,700 

31 .  Division 

WNW 

4,600 

32.  Jackson  Park 

NS 

4,350T 

33.  Austin 

WS 

4,200 

34.  Quincy /Wells 

Loop 

4,200 

35.  Kimball 

Ravenswood 

4.150T 

36.  Belmont 

WNW 

4,050 

37.  Desplaines 

WNW 

3,950T 

38.  Irving  Park 

WNW 

3,800 

39.  63rd  St. 

WS 

3,800 

40.  Sox/35 

WS 

3,750 

41.  Tech/35 

NS 

3,700 

42.  47th  St. 

NS 

3,700 

43.  Addison 

WNW 

3,500 

44.  Central 

WS 

3,500 

45.  Clinton 

WNW 

3,450 

46.  Polk 

WNW 

3,450 

47.  Clark/Division 

NS 

3,400 

48.  Merchandise  Mart 

Ravenswood 

3,350C 

49.  Garfield 

WS 

3,300 

50.  Roosevelt 

NS 

3,300 

51 .  Cicero/Berwyn 

WNW 

o,200T 

52.  Damen 

t  Af  flllAf 

WNW 

o,  I  b0 

53.  Clinton/NW  Passage 

WS 

3,000  C 

54.  Dempster 

Skokie 

o  nnn  x 
3,U00  I 

55.  Pulaski 

WS 

2,950 

56.  51st  St. 

NS 

2,900 

b/.  Davis 

Evanston 

o  ocn 

5o.  Medical  Center 

1  Al  MIA/ 

WNW 

o  onn 

59.  Madison/Wells 

Loop 

o  Ten 
2,  /oU 

bO.  Cicero  (Douglas) 

WNW 

o  "7nn 
2,  /00 

bl .  Granville 

MC 
IM  O 

1  uu 

02.  Western 

Ravenswood 

2,ooU 

63.  Sheridan 

MC 

o  ccn 

64.  Cicero 

Wo 

o  cnn 
2,oUU 

65.  Berwyn 

NS 

2,450 

66.  Cottage  Groye 

NS 

2,450 

b/.  Uak  Park 

Wo 

o  a  nn 
2,400 

bo.  Addison 

MC 

l\!o 

O  OCA 

2,3b0 

b9.  Laballe 

\  A/  M\A/ 

o  ocn 
2,3b0 

/U.  43rd  bt. 

MC 

o  icn 

/  I .  nalsted 

MC 

Nb 

o  ocn 

72.  Austin 

1 AIIVI I  A  / 

WNW 

2.2UU 

73.  Cermak/Chinatown 

\  A  /  C 

Wb 

o  onn 

/4.  Laballe/Van  biuren 

Loop 

o  onn 
2.2UU 

75.  California  (Douglas) 

WNW 

2,150 

76.  Harrison 

NS 

2,150 

77.  Linden 

Evanston 

o  1  cn  t 
z,  I  bU  I 

78.  Montrose 

1 A 1  Ti  1  \  A 1 

WNW 

o  1  cn 
2,  I  bU 

/9.  1  norndale 

N  1  C 

Nb 

o  1  en 

Z,  I  OU 

oU.  Kedzie  (Congress) 

\  A  /IV  1  \  A  / 

WNW 

o  ncn 
z,Uou 

O  1      A  "7-t.U  C+ 

ol .  4/th  bt. 

\  A IC 

Wb 

o  nnn 
Z.UUU 

82.  California  (Milwaukee) 

WNW 

1  ocn 

I  ,you 

83.  Laramie 

WS 

1  ncn 
1 ,9bU 

84.  Western  (Milwaukee) 

WNW 

1  ncn 
1 ,9bU 

85.  Racine 

WNW 

1,900 

86.  Chicago 

WNW 

1,800 

87.  Irving  Park 

Ravenswood 

1  onn 
I  ,o00 

88.  Oak  Park 

1 A  f  IV  II  A  / 

WNW 

1  onn 
I  ,oUU 

89.  Kedzie 

Ravenswood 

1  1  nn 
1  ,  /  UU 

90.  Garfield 

NS 

1  ccn 
I  ,ObU 

91 .  Homan 

I  A  /  O 

Wb 

1  Ren 
I  ,obU 

92.  North/Clybourn 

NS 

1  ,bbO 

93.  Ridgeland 

WS 

1  ,bUU 

94.  Ashland 

WS 

I  ,bbO 

95.  Cicero  (Congress) 

WNW 

1,550 

96.  Argyle 

NS 

1,500 

97.  King  Drive 

NS 

I  ,bUU 

98.  Pulaski  (Congress) 

WNW 

1  enn 
I  ,bUU 

99.  Racine 

NS 

1  enn 
I  ,bUU 

1 00.  Jarvis 

NS 

1  yl  cn 
1 ,4bU 

101.  Lawrence 

NS 

I  ,^bU 

1 02.  1 8th  bt. 

I A  /  ft  1  \  A  / 

WNW 

1  /i  nn 

103.  Addison 

Ravenswood 

1  o,cn 
i  ,obu 

1 04.  Diversey 

Ravenswood 

I  ,obU 

i  uu.  i na  lana 

MC 

l\lo 

1 ,350 

106.  Main 

Evanston 

L350 

107.  Damen 

Ravenswood 

1,300 

108.  Cermak 

NS 

1,250 

109.  Harlem 

WNW 

1,250 

110.  Kedzie  (Douglas) 

WNW 

1,250 
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111    Pulaski  fDnnnlaO 

Vv  l\l  vv 

1  9RD 

91     Rfith  Qtroot 

£.  i .  ouLn  oireei 

l\/l  or 

iviarKei 

R  RK7 

119  Mnntrncp 

1    \          1 VI U 1  1 L 1  UiC 

Ravenswood 

1  9nn 

£.£..  opring  oaruen 

Broad 

o,  I  oy 

i  I  Oi  rial  j  i  cu 

\/\/Q 
VVO 

1  1 

zo,  rem  hock 

Droaa 

A  RR1  T 

114.  Randolph/Wells 

Loop 

1,150 

24.  40th  Street 

Market 

4,302 

115.  Central  Park 

WNW 

1,100 

25.  Oregon 

Broad 

4,120 

11fi  firanH 
i  i  u.  vj  f  a  i  iu 

Vv  im  vy 

1  1  nn 

I  ,  I  uu 

Zu.  OHLII  Ollcul 

Ma  rU'nt 
Ivld i  t\c L 

A  1  1  1 

117  RUt  9t 

1   1  /  .  U  1  bl  OL. 

M  Q 

l\lo 

1  1  nn 

I  ,  I  uu 

£.  1  .  Ull  d (  U 

Broad 

4  H7R 

1  1  R  RRth 

1  1  O.  Jul  1 1  OL. 

l\!o 

1  nRn 
I  ,uou 

ZO.  v3  1 1  d  I  U 

f\/l  ar  l/at 

/I  nio 
t,U  1  o 

1  1  Q      Ai-  i-yi  i  f^riD 

1  1  i?.  ni  [  1 1 1  Ldyt. 

Ravenswood 

1  nnn 
I  ,uuu 

9Q    Zlfith  Qtrppt 

l\/l  ari/Qt 

iviarKei 

T  RQQ 

1  9fl  Wpctprn  fDniinlact 

I  ^U.   VVcbltMIl  IL/UUyidb/ 

VV  IN  vv 

1  nnn 

I  ,uuu 

^O  Tackpr-^/lnrcic 

JU.     1  doixCI    IVIUI  1  lo 

B  road 

"5  747 

\  /.  \ .  L»n  icago 

n  dvci  i  swuou 

QRn 
you 

oi.  vvyuniiiiy 

o  i  u  au 

^  Rno 
o,ouz 

1  99  Unv/no 

WNW 
vv  i\j  vv 

QRn 
you 

^  9    1  nna n 
JZ.   l_uyd  1 1 

RrnaH 

LJ  1  UCIU 

o,  oy  o 

1  9^    Po  ntral 

i  zo.  L.enirai 

CVdllb  LU r  1 

ann 
yuu 

jj.  rAiicyiiciiy 

RrnaH 

LJ  1  UOU 

O,  JJ  J 

124.  Rockwell 

Ravenswood 

900 

34.  Hunting  Park 

Broad 

3,343 

1  25.  Southport 

Ravenswood 

900 

35.  Race-Vine 

Broad 

3,274  C 

1  J  r\     1    n  n/ocei+vi 
1  iU.   U  1 1 1  vcl  b  t  Ly 

IM  O 

onn 
yuu 

JU.   ULI  1    OC   IVIdl  IS.C  L 

R  idge 

1  97  \A/pllinntnn 
1  ^  / .  vvclllliy  IUI 1 

navel  ibvvuuu 

Rc;n 

OOU 

37  Flkwnrth 

J/.    LI  IjVVUI  LI  1 

B  road 

i4n 

1  9ft  Han/arH 
l  ZO.  ndl  VdlU 

NR. 

1  M  J 

snn 

ouu 

^fi       Kfii  iph^nna 

JJ.    OLO^UCI  lal  IMd 

Broad 

3  1  3Q 

J,  1  J  J 

1  9Q  \/\/pnt\/\/nrth 

1  £-  <j ,    Well  LvVUI  III 

NS 

Rnn 

ouu 

39  ?nrl  Strppt 

JJ.        1  1  *_l    OLI  Ccl 

Markpt 

i  v  i  a  i  i\c  i 

9  R9fi  P 

1^0  \/\/p<;tprn  f Pnnnrp<;<;l 

WNW 

u  v  i  y  v  v 

snn 

OUU 

40  5^1nmpr<;pt 

'  W •    vJUl  1  ICI  OC  L 

Frankford 

2,765 

1  J  1  i    l\CU  t-  1  C 

ws 

700 

/  uu 

41    I  nmharrl-9ni  ith 

•  1  ■    LUIIIUOIU    OUU  LI  1 

Broad 

2,624  C 

1  %9     I  aramio 
I  Ol.   I_d  I  d  1 1  M c 

W  N  W 

700 

49  Ppitti<;nn 

•  t-  .    T  OLLIoUII 

B  road 

9  RnR  T 

c-t  JUO  ■ 

1  "¥\  Mnvpc 
i  j  j  .  i  >j  u  y  c  o 

F  \/  anctnn 
l_  v  o  i  i  1 1  u  i  i 

7nn 

/  uu 

4?  63rd  Strppt 

r  J  ■    VJJI^Ji    JLI  CC  L 

Markpt 

1  V  1  CI  1  IN  t»  L 

2,202 

134.  South  Boulevard 

Evanston 

700 

44.  Huntingdon 

Frankford 

2,033 

135.  Dempster 

Evanston 

650 

45.  Tioga 

Frankford 

1,892 

1  ^fl  Franri^rn 

1  lCJVGI  1  jVv  UUU 

46.  Berks 

Frankford 

1,663 

1^7  Palifnrnia 

1  J  /  .    bCl  1  1  1  Ul  1  1  1  d 

WS 

UUU 

47  York-Dannhin 

F  rankford 

1 ,567 

138  Kildare 

WNW 

600 

48.  Fair  Mount 

Broad 

1,026 

1  ^lprln\A/irk 

RavprKwnnrt 

1  IQUCI  IjVVUUU 

600 

49.  Fair  Mount 

F  rankford 

941 

1  AC\  Fnctor 

Evanston 

RRn 

OOU 

Rn  Churrh 

F  rankford 

736 

141   ROth  St 

WNW 

500 

51.  Millbourne 

Market 

689 

142.  Paulina 

Ravenswood 

450 

52.  Vine 

Ridge 

104C 

53.  Spring  Garden 

Ridge 

54 

TOTAL 

CBD 

150,300 

TOTAL 

337,298 

Terminals 

68,400 

CBD 

117,248 

Terminals 

47,497 

7.  PHILADELPHIA,  SEPTA 

8.  PHILADELPHIA,  PATCO 

Average  Weekday,  1975 

Average  Weekday,  Fall  1976 

1.  1  5th  Street 

Market 

oV,  o  1  /  U 

1.  8th  St.  &  Market 

7  fiRRP 

2.  City  Hall 

Broad 

2.  15-1 6th  St.  &  Locust 

U/U  JU  v-/ 

3.  Bridge-Pratt 

Frankford 

Zo,UO/  1 

3.  Lindenwold 

R  44Q  T 

J,HHc?  1 

4.  Olney 

Broad 

18,581 

4.  Ferry  Avenue 

3,594 

5.  8th  Street 

Market 

17.256C 

5.  Haddonfield 

3,445 

6.  69th  Street 

Market 

1  7  HA  1  T 
1  /  ,  UH  1  1 

6.  12- 13th  St.  &  Locust 

?  n^nr 

7.  13th  Street 

Market 

1  7  7nKP 

7.  Ashland 

9  Q1  Q 

8.  30-31  st  Streets 

Market 

it  1  no 
1  O,  I  Uu 

8.  City  Hall  Camden 

9  434 

9.  Erie 

Broad 

r  fion 

9.  Westmont 

9  1  9R 

10.  1 1th  Street 

Market 

10.  Collingswood 

1  077 
1  ,y  /  / 

1 1 .  52nd  Street 

Market 

R  1  "54 
O,  I  Jl 

1 1 .  Broadway 

1  R9R 

12.  Allegheny 

Frankford 

7  R 1  9 

12.  9- 10th  St.  &  Locust 

666  C 

13.  Columbia 

Broad 

7  9RO 

/ ,  ztsu 

13.  Franklin  Square 

J  IHu 

14.  Margaret 

Frankford 

7  1  99P 

14.  Woodcrest 

1  5.  5th  Street 

Market 

6.341C 

1 6.  Walnut-  Locust 

Broad 

6,299 

TOTAL 

42,150 

17.  60th  Street 

Market 

6,274 

CBD 

18,382 

18.  Erie-Torresdale 

Frankford 

6,202 

Terminal 

5,449 

1 9.  Snyder 

Broad 

5,888 

20.  No.  Philadelphia 

Broad 

5,872 
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9.  WASHINGTON,  WMATA 
February  1980 


1. 

Farragut  West 

Blue 

25.785C 

2. 

Pentagon 

Blue 

18,156 

3. 

Metro  Center 

Red  +  Blue 

16,831C 

4. 

Silver  Spring 

Red 

15,484T 

5. 

Dupont  Circle 

Red 

13,964C 

6. 

Rosslyn 

Blue 

12,950 

7. 

Farragut  North 

Red 

12,895C 

8. 

Foggy  Bottom 

Blue 

12,607C 

9. 

McPherson  Square 

Blue 

12,085C 

10. 

L'Enfant  Plaza 

Blue 

11.736C 

11. 

Union  Station 

Red 

10,939 

12. 

Ballston 

Orange 

8,632T 

13.  Judiciary  Square 

Red 

8,447C 

14. 

Crystal  City 

Blue 

7,725 

I  o. 

Srnithsonian 

Blue 

6,483C 

16. 

New  Carrollton 

Orange 

6,449T 

17. 

Brookland 

Red 

5,834 

18. 

Capitol  South 

Blue 

5.762C 

19. 

Federal  Triangle 

Blue 

5,610C 

20. 

Potomac  Ave. 

Blue 

5,456 

21. 

Fort  Totten 

Red 

4,931 

22. 

Eastern  Market 

Blue 

4,776 

23. 

Federal  Center  SW 

Blue 

4,736C 

24. 

Takoma 

Red 

4,688 

25. 

National  Airport 

Blue 

4,654T 

26. 

Rhode  Island  Ave. 

Red 

3,951 

27. 

Gallery  Place 

Red 

3,882C 

28. 

Stadium-Armory 

Blue 

3,861 

29. 

Minnesota  Ave. 

Orange 

3^529 

30. 

Pentagon  City 

Blue 

3,213 

31. 

Landover 

Orange 

2,885 

32. 

Deanwood 

Orange 

2,587 

33. 

Court  House 

Orange 

2,503 

34. 

Clarendon 

Orange 

1,762 

35. 

Virginia  Square 

Orange 

1,603 

36. 

Cheverly 

Orange 

1,447 

37. 

Arlington  Cemetery 

Blue 

85 

TOTAL 

278,923 

CBD 

140,823 

Terminals 

35,219 

10.  BOSTON,  MBTA 
December  8,  1976 


1 .  Washington 

Red  +  Orange 

33,854C 

2.  Park 

Red  +  LR 

23,595C 

3.  Harvard 

Red 

21,576T 

4.  State 

Blue  +  Orange 

1 3,091  C 

5.  Forest  Hills 

Orange 

10,760T 

6.  Ashmont 

Red 

8,836T 

7.  South  Station 

Red 

8,679C 

8.  Central 

Red 

8,587 

9.  Government  Center 

Blue  +  LR 

8,561  C 

10.  Quincy  Center 

Red 

7,937T 

11.  North  Station 

Orange 

7,513C 

1 2.  Sullivan  Square 

Orange 

7,327 

1 3.  Haymarket  i 

Orange  +  LR 

6,377C 

14.  Charles 

Red 

6,140C 

1  5.  Dudley 

Orange 

5,560 

16.  Maverick 

Blue 

5,402 

17.  Columbia 

Red 

4,473 

1  8.  Fields  Corner 

Red 

4,371 

19.  Essex 

Orange 

4,330C 

20.  Wellington 

Orange 

4,277 

21.  Andrew 

Red 

4,061 

22.  Broadway 

Red 

4,046 

23.  North  Quincy 

Red 

3,652 

24.  Maiden  Center 

Orange 

3,542T 

25.  Orient  Heights 

Blue 

3,490 

26.  Egleston 

Orange 

3,450 

27.  Northampton 

Orange 

3,404 

28.  Dover 

Orange 

3,155 

29.  Kendall  Square 

Red 

3,152 

30.  Wollaston 

Red 

3,092 

31.  Wonderland 

Blue 

2,807T 

32.  Bowdoin 

Blue 

2,171  C 

33.  Community  College 

Orange 

2,041 

^awin  Will 
OH.  Od  V  111   n  1 1 1 

ncu 

35.  Shawmut 

Red 

1,676 

36.  Beachmont 

Blue 

1,520 

37.  Green  St. 

Orange 

1,495 

38.  Revere  Beach 

Blue 

1,432 

39.  Suffolk  Downs 

Blue 

1,383 

40.  Aquarium 

Blue 

1,294 

41.  Airport 

Blue 

1,253 

42.  Wood  Island  Park 

Blue 

1,041 

43.  Oak  Grove 

Orange 

n.d. 

TOTAL 

256,168 

CBD 

1 14,311 

Terminals 

55,458 

(Excludes  holders  of  free  passes  and  transfers  from 
LR  at  joint  stations;  includes  LR  passengers  at 
joint  stations) 
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11. 

SAN  FRANCISCO,  BART 

Sept. 

May 

Typical  Weekday 

1980 

1977 

1. 

Montgomery  St. 

Westbay 

16,795 

16,837C 

2. 

Embarcadero 

Westbay 

15,661 

10.417C 

3. 

rowen  ot. 

Westbay 

1 1 ,043 

10,415C 

A 

<A . 

Daly  City 

Westbay 

Q  1 

5. 

Civic  Center 

Westbay 

7,469 

7,188C 

6. 

19th  St.  Oakland 

Rich.+Con 

6,403 

5,686 

7. 

Berkeley 

R  ichmond 

6,283 

5,405 

3. 

12th  St.  Oakland 

Rich.+Con 

5,731 

4,750 

9. 

Concord 

Concord 

5,673 

4,578T 

10. 

Fremont 

Fremont 

4,521 

3.658T 

11. 

Walnut  Creek 

Concord 

4,476 

3,772 

12. 

Balboa  Park 

Westbay 

4,120 

4,1 17 

13. 

D\nr\r*r\**+     1  I'll 

rieasant  Mill 

Concord 

3,996 

3,432 

14. 

Hayward 

Fremont 

j,yo4 

J, 4  /b 

15. 

Glen  Park 

Westbay 

3,807 

3,575 

16. 

Fruitvale 

Fremont 

3,691 

2,915 

17. 

Bay  Fair 

Fremont 

3,567 

2,767 

18. 

24th  St.  Mission 

Westbay 

3,478 

3,207 

19. 

Union  City 

Fremont 

2,954 

2,287 

20. 

San  Leandro 

Fremont 

2,918 

2,174 

21. 

El  Cerrito  Del  N. 

Richmond 

2,886 

1,931 

22. 

Lake  Merritt 

Fremont 

2,724 

2,723 

23. 

Rockridge 

Concord 

2,545 

2,067 

24. 

Lafayette 

Concord 

2, buy 

2,1  bb 

25. 

MacArthur 

Rich.+Con 

2,437 

1,956 

26. 

16th  St.  Mission 

Westbay 

2,427 

2,183 

27. 

Coliseum 

Fremont 

2,392 

2,450 

28. 

uaKiana  west 

Westbay 

2,309 

1,745 

South  Hayward 

Fremont 

O  1  T  1 

30. 

Orinda 

Concord 

2,1 12 

1,882 

31. 

Richmond 

Richmond 

1,822 

1.416T 

32. 

El  Cerrito  Plaza 

Richmond 

1,714 

1,448 

33. 

North  Berkeley 

Richmond 

1,381 

1,262 

34. 

Ashby 

Richmond 

1,280 

1,013 

TOTAL 

156,361  135,274 

CBD 

50,968 

44,857 

Terminals 

21,168 

18,072 

12.  ATLANTA,  MARTA 

Typical  Weekday,  June  1980 


1 .  Five  Points  21,386C 

2.  Hightower  13,884T 

3.  Avondale  9,265T 

4.  Georgia  State  4,490C 

5.  West  Lake  4,357 

6.  Decatur  4,336 

7.  Omni  4,083C 

8.  Ashby  3,827 

9.  East  Lake  3,132 

10.  Edgewood  2,945 

11.  Vine  City  1,719 

12.  Inman  Park  1,578 

13.  King  Memorial  1 ,325 

TOTAL  76,330 

CBD  29,959 
Terminals  23,149 

13.  CLEVELAND,  GCRTA 

Estimated  average  weekday,  1976  based  on 
1975  annual  entries  by  station. 

1.  Union  Terminal  East  +  West       1 5,1  51 C 

2.  Windermere  East  5,024T 

3.  University  Circle  East  2,826 

4.  Brookpark  West  2,659 

5.  Puritas  West  2,520 

6.  W  1 17th-Madison  West  2,295 

7.  Triskett'  West  2,126 

8.  West  Park  West  2,040 

9.  W  68th-Detroit  West  1,609 

10.  Airport  West  1.455T 

1 1 .  Superior  East  1 ,452 

12.  W  25th  Street  West  945 

13.  E  105th  Street  East  936 

14.  W  65th  Street  West  734 

15.  E  55th  Street  East  528 

16.  E  79th  Street  East  498 

17.  Campus  East  428 

18.  E  120th-Euclid  East  319 

TOTAL  43,545 
CBD  15,151 
Terminals  6,479 


14.  EDMONTON 

Typical  Weekday,  Fall  1978 

1.  Central  6,370C 

2.  Belvedere  4,980T 

3.  Coliseum  3,320 

4.  Churchill  2,190C 

5.  Stadium  1,140 

TOTAL  18,000 

CBD  8,560 

Terminal  4,980 


i 


